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ABSTRACT 



iThis final report on the relationshi>^between 
orthographic characteristics and reading behavior consists of five 
chapters. The first chapter examiri^s writing in its vari^tx^of forms 
in different cultures, noting that such differences can provide 
important clues to how the brain ^p^ocesses visual information. The. 
secowd .chapter-addresses the issue ofj orthography and reviews results 
of cross-language research and comparative .reading studies in order 
,to achieve a better theoretical and practical understanding of the 
fundamental psychological processes of reading behavior , both in 
their acquisition and in their developed functioning. The third 
chapter describes three experiments \that investigated the nature of 
deaf children's reading inability, wliile the fourth chapter 
critically examines the conceptualization between two experiments ; 
that presented words in the format of -mixing upper^and lower case 
letters to gather evidence for visual reading in skilled readers . The 
fifth chapter addresses the issue of orthography , reading, and hiqher 
cortical functions and examines howj the\ brain adapts to orthogra- ic 
variations across arid within different languages . (KOD) 
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- ' THE FIRST TWO R'S 

Writing has been invented in a variety of forms in different 
cultures, though all major writing systems are based on the' 
spoken language. Differences among these systems provide 
important clues to how the brain /processes visual information, 



by Ovid J. ,L. Tzeng a 1 nd William S-Y. Wang 



''School days; school days; 

dear old golden. rule days; 
p reading and writLng-and "rithmetic? 

taught to the tune of a hickory stick;..." 



The last line of this popular -children' s song calls to mind 
the old fashioned classroom with, its stern discipline which has 
by now all but vanished from the American scene. It also 
highlights £n interesting fact — that reading and writing are 
skills/ that ; dp not come naturally, the way speech does/ 
Typically, by school age, aychild has effortlessly scSciked up from 
his environment all the basic structures of the spoken language, 

whether it be English, Chinese or Telugu. 

/ 1 



Learning the written language, however, is frequently quite 
an arduous process. Millions of people in the world are 
illiterate for lack of adequate opportunity . A significant number 
of American children ^ have v problems with reading^a^d_wri.fcajt)g,--~even 



with the help of the best facilities* This contrast between the 
two forms of language (speech versus script) is allythe more 
striking given that written language. is o invariably (based on the: 
spoken. ■ s 

.. * .. . ■' h ■ • 

In evolutionary terms, speech emerged considerably earlier., 

many hundred thousand years ago, when our ancestors roamed the. 

grasslands"^ or" food and searched out caves for shelter. 

Agriculture began to replace the life, style of the hunter some 

twelve thousand years ago. The earliest precursor of writing 

appeared shortly after , even though t hese did not develop into 

*h ■ ' ~ * ' ~ — : - - - — — 

full_„fledged ^writing, systems „ until sev.eral^thousand. -year s later . 

Clay tokens have been found at sites along; the Iran-Iraq 
^border, varying in size and shape as well as in marks and^V 
perforations. They date back ten miilienia of more, and were\used 
for simple record keeping. It has been proposed that these tokens 



gave rise to the Sumerian ideographs (Scientific American June x 



\ 

1978). Incisions found on Neolithic pottery from some several \ 



thousand years o ago at Bahpo, China, are believed to be. the direct 

■ ■ . . - i - , \ 

• . . \ 

precurosors of the Chinese script. These too apparently were a 

1 - 

^response to the needs of agricultural, life. . 7 / . 

. . . \ . . -•• • • • • v • •• - 

Whereas the sounds of speech fade rapidly in time and space, 
written message endures ".and can be carried f rom "pla^e to place; 
The inventiori<of writng> : whicJh„oC^ 

in distant parts of the world? including' some that have emerged 



■ * 

in modern times, must rank among mankind's highest intellectual 
achievements. Without writing, human culture as we know it today 
is inconceivable. c 

All of the major systems of writing are based on the spoken 
language, though in ways which are importantly different from 
each other. To see these differences more clearly, we need to 
clarify what is meant by the following units which are used in 
all spoken languages? feature, segment, syllable, morpheme , .and 
word. A writing system, or a script, may be categorized according 
to how these five types of units are represented in its symbols. 
Actually, most, writhing systems are really composite in that they, 
typically correspond to two or more different types of units. - 

Features are elementary components of individual . speech 
sounds, but not full speech segments themselves. Some familiar 
examples where diacritic symbols in the script correspond to 
phonetic features in the speech are the cedilla in French which 
modifies the letter c changing it from a k sound to an s sound 
(as in ca) ; or the tilde in Spanish which changes' a dental n 
sound into a palatal n sound (as in senor). 

.. . A , ■ : : .: . ' 

The familiar type of alphabetic scripts that prevail in the 

■ ■ ■ • . : 

* • * ■ "■„*-""■" 

West today are roughly based on the segment. That is, a vieftter in 

the script ..^o^^s^o^s^OLA^oTisoTieLnt:- or vowel~ r segiSeht irf t;he- 

speech. The shape of the letters may vary, of course, siich as 

between the Qyrillic and. Latin alphabets . The correspondence is 



Seldom perfect. So in English, the single letter x may represent 1 . \ 
.two segments ks, while the two letters th actually represent only 
one segmont. Nonetheless , the ideal match is one letter forgone 
segment. Another aspect of such scripts is that words, rather 
than morphemes ' or syllables, are separated by spaces. 

In speech, the, segments combine to form syllables. A 
syllable is a natural unit of pronunciation, typically containing 
a vowel and its surrounding consonants. Writing systems where the 
symbols correspond to syllables are called syllabaries. An \ 
example of a syllabary is the Japanese kana; for instance the \ 
symbol (***) represents the syllable ka \ 

An interesting script that makes composite use of feature, 
segment and syllable is the hangul, devised in Korea /in the 
middle of the 15th century, during the reign of King Sejong, (Sea_ 
Figure 1). While the ^letters'correspond largely^o speech ^ 
segments, there is considerable organization in the design of 
these hangul letters to reflect their phonetic features. 
Furthermore, these letters are stacked against each other into 
square frames, each frame corresponding *to a syllable. 



So in contrast to English, where the words are separate^, by 
_s^aces,~-in--hangul— i-t— i^^h«~sylTabTe^"t L ha't"'are written >-a$afrt?i. In 
a -sense,, hangul is simultaneously an alphabet and a syll-a^ary. 
The Korean -hangul is an ingenious invention /and deserves much 



/ 



further study f rom, a psycholinguistic point of view. 

ERIC 
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The Chinese script is the only major writng system now in 
use where a significant number of the symbols, called logographs, 
preserve a direct relation to the morphemes themselves rather 
than to the pronunciation of these morphemes, (Scientific 
American February 1973). Morphemes are the basic units of 
meaning which combine to make up words. For instance, the words 
boy, boyish and boyishness contain one, two and three morphemes 
respectively, even though each is a single word. 

\ 

A few logographs are derived from stylized pictures, such as 



a" simple drawing of a mountain or of a bird. Through many 



centuries of simplification and standardization of: the script, ~ 
however, the likeness is no longer obvious., Some -other logographs 
are made up from pieces from which the meaning can be inferred. 
The symbol for "good," for instance- is a combination 03: "woman" 
and "child." The logograph for "inch" is formed from that for 
"hand" with a dot beldw showing the, location of the palse on the 
wrist? the inference here is that the distance betweerythe two is 
an inch. 



However, the great majority of logographs*: in the Chinese 



script,^ over 80%_,_ are— £ ormed-ori a different prfhcigle. They have 
two parts. One part refers to the semantic categ'br$/ of ..the j 



mo 



rpheme, while the other pa^rt refers to the syllable ^i£h 'which 
the logograph\ is pronounce 

logograph for "ocean" meansV" water ," while ) the right half- 



indicates that it is pronounced with the syllable "yang." So 
these logographs have a composite function— they "may be best 
characterized as being morpho-syllabic . 



>-.... One of the major activities in learning to read Is exploring 
the correspondence between the written script and the spoken 



language. Since the correspondence between t^he printed symbols ; 
and speech in an alphabetic writing system differs from that in a 
logographic system, skilled readers "of either system develop \ 
different processing strategies in order to meet different 
cognitive requirements.' These strategies are so entrenched in the 
processing system after many years ^of constant practice that 



their activation becomes all but automatic 



For example, a reader of English cannot keep from. r applying 
an abstract rule system to tackle the letter-segment 
correspondences in the^tTnted words, whereas a reader of Chinese 
automatically activates a spatial-conf iguratioji scan at the 
logographs. Thus the* diversity of writing systems provides 

excellent opportunities fot investigators of human cognition to 

. ... 

examine how children of different language backgrounds meet 
various task demands imposed by dif ferent_ writing . sy.stems .^Once — ... 

' • V ~ ■ ' 

>we understand the flexibility and limits of^ such ^ad justeents , we 

' r ^ \ ^ 

Wil.be in a bettef position to theorize about basic^ reading \^ 

processes and to design remedial programs to help/*reading ^ . 
disabled children. cr • j 



It has beenv noted .for quite seme "time that a fluent reader - 
cannot activate the semantic code o£ a printed word once he sees 
the word^jWie, phenomenon can be demonstrated very easily with an 
experimental procedure ^called the Strobp. interference task. In 
essence, color names are written in an ink of a different color 
( g, > ^GREENV written .in red ink ) . Ir\ the test condition , the : 

readers are required to name the color of the ink. In the control 

. " . . . ■ * ... * - 

condition,- the readers are required to name the colors of a 
series of different jColor patches. (See Figure 2). 

The-results are^ usually clearcut. The time it .takes to name 

\ • • . .. • • . ■ • . \ • "'. . 

a series of colors in the test \condition is much longer than the 

\ time it ttakes to name\ a series of color patches in the control 

\ "condition. This is a robust effort that hak been found in every 

' ,/ ,. . ■ ' . ';\' \ - " ■■ - \ ■ / - 

Slanguage examined. A 1 / 



An interesting question arises at this point: would the .. r 
magnitude of the interf erence ' t i . e. , the .time to name the color 
of the color word minus trie time to, name the color of the color 
patch) differ across the various scripts? jThe answer is. a 
"decisive YES: logographic scripts produce greater interference 
than toth syllabaries and alphabets . ' s . 



The Stroop task can be extended to pairs of lancfua^es. For. a 



long time researchers have noted that for a bilinquai '.rea4e£ the 

X • . - • • ' ■ V : " - • *■;*:/*'• 

interference is reduced if the printed color words and the : -^« 

\.,- 



response^ arc in different languages* We replicated this finding 
in our laboratories for several pairs of languages. y 

Our results further show that there -is a systematic 

• ■ ' : •' . •*' • ' . f. . ■ • • 

relationship between the interference • and the degree of) \ ~v r 
similarity between the two scripts. 



\ Insert Table 1\ about here 



\ -- \ 

\ \ ■ 

) 



This regularity can be seen in/the summary data in Table 1. 
The .ordering of the last three categor ies is particularly * 
revealing. .Why should switching between Spanish and EngJish, ^ 
produce a lesser interference than that between F££nch and 
Eoqlish? It is certainly, not a priori obvious that Spanish-and 
English are* orthographically more dissimilar than French and 
English (or Gerfnap! and English) . ^owever r f if we examine the 
spellings of color terms across thfese languages, as shoymviii . 
Table 2, then the cflf f prende between* Spanish ajid Engl ish V 
"spellings^ of- these color „ terms io easily seen to be the greatest 

Insert Table '2 about here *"\ V v v 



¥ Th^'r e^i^|]^t)f 4hi^ |iridi ng ' across these several scripts' 
-siiggest^ *that; the- linguistic go^ reading cannot be 

sii^^ contains semantic, ^ 

phpnoiogibai ; as; well *as orthographic information, as an , • 
integrated* whole* ."•/•■'; _ \„" > " 

' • •A 4 • • . * i \ \ . 

Can the above results be an artifact of the speech activity 
naming the colors ' aloud? To el iminate x this [possibility f we ram 
ianother > type of experiment which was in .essence a variant of the 
Strbop task;- but it requires no oral response. A pair /of numbers 
(e.g.*, 6 and 9) , ""were projected onto a screen ^rid readers were' 
ask^d to choose the larger number by pressing a key. In the 
neutral 'c'oadition, the two numbers are written in ^ual size* In 

the incongru^nt condition, however, the larger number is written/ 

» . • ■ • . . ' ' ' . ' ' \ , '• ■■' ./• 

in a smaller size than the lesser number. That is, the ?6" 

■ .. . -V ■ ■ ' ' ■ • ' \ .v' J • • ■ ' 4 

appears larger on the screen than the "9^ (See Figure 3). 

@ It has been known that a Stroop-like\ interference can be 



demonstrated in that it. takes^ionger to msqke a correct choice in 
the incohgruent condition than in the neutral condition. What 
would' happen if we used spelled words instead of Arabic numerals 



(e.gv^'SIX" and "NINE") ? Oddly enough, the ^interference 
disappeared" when, the experiment was done for English. ^However 
when a parallel experiment was done for Chinese, using. ._••■„ 
logographs; instead of\lphabetic letters, the interference, was 
again observed. 




We carried the experiment. a step further. A group of 



\ 



C£ineke-En.;lish bilingual readers (with Chinese as their first 
languageV^*p^?iicipated in .the next number-vs-size interference 
task. For these readers, all three types of "stimuli were used. 
Arabic numerals ', English spelling, and Chinese, logographs.. As 
before, we observed the interference with both Arabic and Chinese 
stimuli . Unexpectedly , however, these readers also showed an 
interference, with the English speJLling as well (See Figure 4). 

. • m ■ /■ : , \ ' . - 

, • ' p . • \ • ■ * ■ „i i 

How do we ;account . £br v this last finding? Could this^simply 

be due to ; the fact that English for^them is a language acquired 

later in/life?! Or, is^ it because the processing strategy for 

■■ / * 

logographs had been transferred to alphabetic spelling? To choose 

/ - . ' • • . 

between these two .hypotheses , we next worked with a" group of 

Spanish^English bilingual readers . They did the number-vs-size 

task 1 : once with Arabic' numerals , once spelled in English, and 

' . \ - ' ' \ ■■ ■) « - , ' * , 

once spelled. in Spanish (See Figure 5). 

The' results are unequivocal. Tpe interference occurred only 

\ ' • |\ - • ■■ ■ 

with the Arabic numerals. Neither Spanish nor English spelling 

produced any interference. So the interference observed in the 

English word condition for^the Chinese-English bilingual .readers 

was riot due y to : the 'factor of [second language learning. ^Otherwise, 

we should observe a similar /interference effect witff tl^fe* \ L/ : ' 



S pah i s h- Eng 1 i s h \b i 1 i ngu a 1 s . 



logog<^phs to English spelling. \ 



The remaining hypothesis, theln/ « : y 



tha^these sub jects had transferred Iheir reading" habits from* 



» «.>»- 



The evidence we have reviewed so far, from both the color and, number 
Stroop experiments, supports the contention that the script-speech rela- 
tions underlying different typss of writing systems play an important role 
in reading behavior. A reader "of a particular script must assimilate the 
orthographic character! sties of that system, that is to say, if the, configu- 

m .'£ j» 

rational property is important in the logograph, then the reader has to pay . 

* • * <? - . . . m m . 

special attentionHo the spatial layout of each and every element it contains. 

As a consequence, we should expect to observe a -greater memorial activity in 

the visual system during processing of logographs than of alphabetic script. 
With this hypothesis in mind, we set out^to compare the memory performance 

of native English readers v and native Chinese readers in a serial recall task. 

A series of 9 items were presented to subjects either auditorily via. a-t&pe- — 
recorder or visually via a slide projector. - (In the visual presentations, the 
items were in either English spelling or Chinese logographs.) The &ubjeets_^ 

were asked to recall ihe 9 items according tc their po sltion s^in-the series. 
The probability of recall was plotted ^accorHing to the item's serial position. 
These data can be seen in Figure 6, x 

The memorial- performance of the American readers is consistent with 
previous findings from other laboratories. Auditory^ presentations usually 
produce better riicall performance than visual presentations for the terminal 
items. The data from the Chinese readers also show that the auditory pre- 
sentation is superior to the visual presentation for the last two items. 

V \ The interesting difference between the two groups is this. The Chinese 
readers recalled the non-terminal items consistently better when thase were 

presented visually, Whereas no such difference was found for the American 

/ ■ ■ ■ ■ ■ - '• '*.."" 

readers. This superiority of visual presentation for Chinese readers holds 

' . : ■■- , ' * • ' - 7~- - 

regardl ess whether the recall itself was an oral or written' response. This 



finding suggests visual memory is involved more critically in the processing : 
of Togographs than of alphabetic scripts, "thus confirming the hypothesis raised 
earlier. In fact, it further suggests that the influence of the sensory- 
characteristics of the visual information may not be restricted to the very ; 
early stages of processing, and that, reading different kinds, of script taps ,. ; 
into different memory mechanisms which are themselves modality specific. 

This greater involvement of visual memory in processing logpgraphs can \: 7 

also: be demonstrated with a different type of experiment. In recent years, J 
experimental psychologists have been using a special apparatus called the 
tachistoscope (or T-scope) to investigate the specialization of- functions and | 
capabilities of each of the two cerebral hemispheres. Basically, a T-scopV.|| 
is a device which enables the experimenters to present visual images for veryp 
brief periods of. time! When a subject fixates on a point in the center of 
a lighted square within the T-scope, each visual half-field projects to tba • ^ 
contralateral hemisphere. So, for example, stimuli presented to the right | 
visual field (.RVF) are first processed in the left hemisphere, and stimuli ^ 
the left visual field (LVF) to the right hemisphere. By correlating the 
levels, of performance on different tasks to the stimulus , locations, most invesj 
tigators agree that the left hemisphere is specialized fbr sequential -analytic; 
ability whereas our right hemisphere is specialized at Gestalt- holistic matcb| 

of visual patterns. . / 

In our laboratories, the visual half-field technique has. been applied tO| 
study the process of word recognition In various scripts. The results ere . ^vj 
hardly surprising, for alphabetic scripts, such as English and Spanish, a j 
RVF superiority is consistently found, suggesting, a greater involvement of 7 



Uft hemisphere functions . This RVF superTorHy oo^ins as well for scripts | 
like Arabic and Hebrew, even though here the letters/ run right to left across j 
the paW I» contrast 'to these scripts, a LVF adv/ntage is observed with ; 



Chinese readers when presented with single logographs, suggesting a greater 
involvement of right hemisphere functions. 

The most striking results come from experiments with Japanese, where a 
word can be written with either the -symbols of a "syllabary, called kana, or 
with logographs, /called kanji (which literally means Chinese characters). 
With' native Japanese readers we were able to hold the variables of subject, 
word anid writing direction constant Across experiments.^ Under^these circum- 
stances, a LVEadvantage was found for the recognition of single logographs, 
whereas a^RVF superiority was found for. the recognition of words written n 
in kana: Apparently two different perceptual mechanisms are activated to 
handle two" distinct types Of written symbols. 

However, it is important to emphasize that these data should not be taken 
to suggest that Chinese and Japanese readers store thousands of logographs 
in their right hemispheres and leave their left hemispheres to handle the 
spoken language. Rather, what has been demonstrated In all these experiments 
1s that a greater^ demand of visual processing is Inherent In the task of 
recognizing logographs, and that meeting such a demand requires a greater 
involvement of the right hemisphere. 

a.- ■ • • 

It is also worth noting that recognizing the single logograph Is only a 
Ainy step toward 'sentence comprehension in reading. Chinese and Japanese readers 
have to put several logographs together to form a "inguistic" word, e.g., the 
three characters AAA BBB CCC for the word library, literally picture - book - 
hall . Thus the task demands /for the recovery of meaning In, a word go much 
beyond just simple recognition of Individual "logographs . At this stage of 
processing, a greater involvement of left hemispheric function Is called for 
and one would expect a RVF superiority In the T-scope experiment for such 
tasks. The r Versa! ' from a LVF superiority to a RVF superiority in reading / , 
logogrpahs was exactly what we found In another series of expr-*::.r>nts. 



This suggest^ that in reading different scripts, the initial perceptual 
pathways. may be different, bt '• later processing may converge on similar lin- 
guistic processes. It is of great theoretical importance to ask where the 
convergence occurs and what is the nature of the resulting linguistic cede. 

From findings made in our laboratories and in other laboratories, the '| 
answer to the above question seems to be clearcut. As soon as our eyes 
fixate on the print,, the visual information, combined with contextual infor- § 
.ration -1s automatically transformed into an abstract' "word" code which carries J 
phonological, orthographic (e.g. spelling patterns)', and semantic information. | 
There is no dispute among psychologists ^concerning the availability of the 
latter two types of information. There is a controversy, however, over 
whether the phonological information is a' pre-Jexical or post-lexical product, | 
or whether it is necessary at all. •', •* . 

He prefer to think that the recoding from the visually, presented print ing 
a phonological format is an automatic and inevitable process . 'Recent .experimen' 
on word recognition have yielded much evidence for the inevitable access of 'J| 
phonological Information. It can be shown that the phonological anomoly inter* 
feres with word recognition at a very early stage of processing. This- is true, 
for the recognition of Chinese words (not single characters). It is also ' j 
true, for the recognition of Hebrew words, in which vowels are usually deleted 
in their spellings. And in Serbo-Croatian writings in which words can be ;- 
wrUten^in either Roman or Cyrillic letters, readers automatically recode the 
printed symbols such as POTOP into two different phonological formats (means 
"inundation" and "rotor" in Roman and Cyrillic reading, respectively), even 
when they are engaged in only one way of reading. 

These results tell us that no matter in what types of writing systems, a 
reader always has access to the phonological information. It is not true 



that reading Chinese logographs does not require such information. A native 
Mandarin speaker has difficulty reading a Cantonese newspaper printed in 

■ . :i - :•■ ■ • ' , 

Chinatown. It may be more difficult for a Chinese or Japanese child to 

establish automaticity in grapheme-sound conversion due to the fact that 

phonemic information has not been specified in the characters. That is why 

•■ • \ ' • - \ 

chanting plays "so important a role in the early acquisition of reading 6 



logographs in both China and Japan. • \ 

So far we Wve been concerned with fluent readers of various writing 
systems. It has been suggested that different neurolinguistic pathways are^ 
organized to transform different written scripts into a common linguistic 
code. Can this suggestion be corroborated by neurophysiologica<|, data? 
Happily, the answer is a positive one. In general , lesions in the^temporal 
cortex are associated with greater impairment of reading and/or writing of 
scripts that are phonemically based, whereas lesions In the posterior, 
occipitoparietal/ areas are 1 associated with greater impairment in logbgraphic 
scripts. / • 

And again, /the most striking data come from the examination of Japanese 
aphasic patients with respect to their ability to use kanji and kana scripts. 
Sumiko Sasanuma and her co-workers in Tokyo have reported that the ability of 
Japanese aphasic patients to use these two types of scripts can be selectively 
impaired. Impairment of kana processing emerges typically in the context of 
Broca's aphasia while impairment of kanjr processing in characteristic of 
Gogi (word meaning) aphasia. Thus pathological data seems to match rather 
nicely with those of normal readers , an\unusual Ifeat in our search of the 
biological basis for cognition. j 

The interactions between task demands imposed by various scripts and tfie 
patterns of visual field effect in T-scope experiments show, on the one hand, 
the flexibility of our information processing system to adapt to various 



orthographic principles. But of equal -importance they reveal the coopera- 
t.i ve and 1 nttgriiiauLJiaiuE^ in reading. 



In recent years the discovery of hemispheric specialization has lead 
many students of the brain -to characterize the two hemispheres as ''dominant | 
vs. nondominant", "Western vs. Eastern", "active vsy resting", etc., as if g 
the two hemispheres are two separate brains with two^ separate minds. Such : 
a characterization of our brain function is certainly misleading,. Ther* is . 
no- doubt that, hemispheres .specializations are importan t properties of. our 'r j 
brain. However, it is the collaboration and compensation of various neural 
components working together as an integrated whole that is the most important 
hallmark of human cognition. / . v <f 

The diversity of scripts and the associated information processing 
strategies-reveal the intricate symbol -thought interaction which touches >he| 
very core of the nature of cognition. Inevitably, we are led to wonder to ;| 
what extent' are the, ensuing differences in cognitive styles ultimately res pon| 
•sible for more global differences among cultures, ft seems that, hers r;j 
again, we are at once the creator and the product of our media. 



Figure legends: 

V 1. The Korean Han guV writing system was de vised in the middl e of the 1 5th 

century during the reign of King Sejong. This system makes more systematic ^ 
use of the phonetic features of thfe spoken language than any other ortho- 
graphy, King Sejong. continues to be widely revered today for, this invention, 
these photographs, taken by Dr./Namgui Chang, are of King Sejong 's status, 
which sits at the center of the Duksu Palace Gardens in Seoul . On the T 
^jshafied plaque in the inset, ^he 17, symbols in the top row represent consonant 
sounds, the 11 symbols in the bottom row represent vowel sounds.. 

/ i • . ' . 

"/...-'--./ ■ ■ ■ . 

2. Thfe Stroop effect is/used to measure the amount of interference that words 
have on naming objects/ You are invited to name the colors of the blocks in 
the top two rows as quickly as possible. Then try to name the colors of the 
English words in the next two rows as quickly as possible* do not read the 
words ! The greater difficulty in per forming the second \task.iSj, an ^ndex of 
"how directly the 7 written words are coupled to their meanings. Th£ lower 
'< rows are written in Chinese, Spanish and Japanese kana. 

\ ' 3. In this figure, the smaller number is written in a larger size; This in- 
congruence between the number and its size' causes a delay in the time the sub- 
ject jieeds. to decide which number is larger. However, the amount of delay 
varies 7 sccoridng to which script the numbers are written in. The numbers 
•• ' illustrated here are written in Arabic numerals, in Englihs, Chinese and 

. Spanish. 

4. This figure shows the performance of Chinese readers in making number 
judgments when the stimuli are presented 1n different scripts. See discussion 
1n text.. * • ■ ' . * 
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5. This figure shows the reaction times of Spanish readers in making, 
number judgments when the stimuli are presented in different scripts. See, 
discussion in text. j 

. - . • " ■ . ! ... 

6. The figure shows the results of the serial position effect as it differs 
between English and Chinese. In both languages, recall of the last Items! J J 
in the series is better in the auditory modality. However, the early items 
are recalled better 1n Chinese when they are presented visually, whereasfin 
English there is no such difference. This finding highlights the influence 

' ' • * • ' - / 

of the script on memory proces-sesl' , 
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Estimated reduction of Stroop interference 'effect- as a result 

OF SWITCHING LANGUAGES FOR VARIOUS TYPES OF BILINGUAL SUBJECTS. 

'Data were taken from Dyer (1972), Preston and Lambert (1979) J 

AND FROM TZENG, FANG, AND ALVA • (iN PRESS') . 



Chinese-English 


168 msec, 


Japanese-English ^ 


/ 


Kan j i 


1W MSEC. 


Kana 


120 MSEC. 


Hungarian-English 


112 MSEC. 


Spanish-English 


78 MSEC. 


German-English 


36 MSEC. 


French-English 


33 MSEC. 



Table 2 



Color Names Used in T&ese Experiments Across Languages 



English •' 
German 

i • ; 

! 

French 

Spanish 

Hungarian 



Red 

Rot 

Rouge 

Rojo 

Piros 



Blue 

Blau 

Bleu 

Azul 

Kek 



■Green 
. Grun 
Vert 
Verde 
Z*6ld 



Brown 
BraujP 



\\1 



IN 



. \ 



Barna 



\ ... 
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Chinese 
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ROJO 
ROJO 
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Chapter Two 



Cognitive Processing of Various Orthographies 



Ovid J. L. Tzeng ■ 
University of California, Riverside 



- ; Introduction 

In recent years, reading research has become a significant interdiscipli- 
nary endeavor with contributions from such diverse fields as anthropology, 
artificial intelligence, cognitive psychology, educational psychology* . lin-.J- 
guistics, and neurb^inguistics. The concerns are not only with how we acquire) 
the skill bf f luent\read ing , but also with the behavioral and social^ > 
consequencies of the success or failure to become literate in a technology:- : 
expansion society. But for experimental psychologists, such a revival inter- ^ 
est in- reading research has A special meaning. Historically, the. systematic R 
study -of the processes' involved in reading can be traced back to Wundt* s;: 
laboratory' where sensation, perception, arid reaction time" experiments ; became | 
some of the foremost concerns of a newly founded discipline. In those early £ 
years, basic reading research was considered to be one of the major tools of ^ 
analyzing tho contents of mind. In fact, shortly after the establishment of ^ 
the first experimental psychological laboratory^ James HcKeen Cattail, Wundt f a;j 
first American student, wrote his dissertation qn the topic of reading. 1^ 
1908, Edmund' "Burke Huey published his monumental work, The Psychology dff 
Reading and Pedagogy (Huey, 1908, 1968) , in wh^ch moist jaf the reading res ear eli| 
of this early period was carefully and scholarly summarized, pddly enough, ; 
soon after the publication of this book, the proliferation of basic research, 
in reading suddenly came to an end and experimental psychologists* interest 
mental processes gaVe way to the analysis and specification *of the functional f 
relationship between Stimulus and Response in behavioral act. Purtheraore,| 
verbal learnii^, experiments in the Ebbinghaus tradition became the focus df; 
research on the analysis of verbal behaviors. Even within the education] 
circle, Investigators were preoccupied with a concern for assessment ana as ; 



Kolers' commented in his introduction to the . 1968 reprinting of Huey's book, 

Remarkably, little empirical inflation has been added to what Huey knew" , 

' . '• i 

(Huey, 1908, 1968, p. xiv). 

The return of interest in basic reading research was brought by several 
important forces., Fir«t, the renaiasance of the Cartesian idea of "innate- ' 
ness" led by Choaskiar. transformational linguists shifted researchers' atten- 
tion from descriptions of surface structure toward analyses of deeper struc- 
tures in natural languages. Second, advances in computer technology in both 
hardware and software created a new research technique, namely computer 
emulations of the higher mental processes such aa problem-scJlving, thinking, 
and comprehension." Comparisons of such "artificial intelligence" on the one 
hand and "natural cognitive behaviors' on the other have continued to generate 
insights into our und»rstending »f understanding. Third, the psychochronome- 
tric procedure (i.e., reaction time experiments), abandoned after condemnation 
of Bonder's subtraction method, haa developed to a level of sophistication 
such .that its reliability can be established independent of the atochastical 
processes involved (Sternberg, 1970; Poaner, 197R). Such procedures have been 
proven to be useful for experiments of word recognition, lexical decision, ' 
sentence verification, and inferential processes in comprehending texts. 
Furthermore, reaction time experiments are usually "accompanied by complicated 
nodela of information processing, which attempt to specify hasic internal 
stagea as well as their interactions during reading. Fourth, a great deal of 
knowledge concerning different levels of speech signals has been accumulated 
v in the experimental analysis of speech perception and production,. Such 
•aowledge enables investigators to more precisely specify the script/speech 
relationship embedded in various writing systems and *o examine the- role of 

; / ; y -r,, • 
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speech in processing- printed materials (Liberman, Litjerman, Mattingly, 4 

• • / .'■• •//'• 

// • . • • ■• 

Shankweiler, 1980). Fifth, and possibly most important, Rudolf Flesch pub- 
lished a book in ^1955 called Why Johnny Can't Read . This book had an enormous 

impact on the public and the issue of reading problems soon became a national : 

\ ' ' - //■■•' . . ■' "r. 

concern. Consequently, federal funding for// basic research related to the 

improvement of education was appropriated />y Congress, with the goals oi 

strengthening the scientific and technological foundation of education (Venezr/ v 

ky, 1977). 'Undoubtedly, the availability of financial support plus the 

cognitive reorientation within experimental! psychology wil^ sustain a vigorous 

pace in basic reading research,* hopefully// with many fruitful results* 

' ■ ■ - //■■ ■; v : - "• . v;M 

Wftile the experimental research iny reading is gaining its momentum* and, 
rigorous and Ingenious experiments are being designed to investigate basic 

reading processes from letter identification to text, comprehension;" an impor- - 

' jl . ' - - - . ■• • * '. II ■ . • '-:y-M 

tant Question should be raised: Why/has the issue of orthography never been 

- • ■■ //' ' '.' '• ; ' ■'. . •■• ■,;>;:';>: 

addressed in the discussion of Reading and its' acquisition? Certainly, 

English is not the only written script available for ^reading. People of other 

languages have been reading other types" of scripts -which bear ~very dif f eret | 

• script- speech relationships as compared to the alphabetic principle of English; 

script. What effects of these ' orthographic variations may have on. basic ; 

reading processes and on the acquisition of reading skills fias not been ; 

systematically investigated.^ Conceivably, depending on the level of spoken 

language a certain type of orthography attempts to transcribe, readers of tUat| 

orthography may be subject to different task demands w Thus, the onl/ way that 

we may hope to achieve a full understanding of reading processes in ^j^tibul^ 

and of human cognition in general ii through a thorough comparative) reading; 

research across different spoken and written languages. The purpose of this; 



chapter is to give a general review of the issue of orthography and its 
relation ir> reading. In the following sections, I hope to provide a missing 
link for experimental psychologists* research on reading. \ 



' ' ' ■ " ■ ' . \ ' / 

The Issue of Orthography \ . / 

■ ■ . ■ -.. ■" ■ ■ ' V i 

Ever since Rozin, Poritsky, and Sotsky "v!97«) successfully taught a gro/ip 
of second-grade non- readers in Philadelphia to read Chinese, tlie quests has ■-. 
been repeatedly raised: If Johnny can't read, does that mean Johnny really 
can't read in general or Johnny just*can f t read English in parti^ar? To >he 
reading specialists, educational psychologists, and cognitive psychologists 
who are interested in the visual information processing of printed materials 
such a question is of empirical, practical, and theoretical importance ■ with ^ 
respect to 7 the understanding of reading behavior* At the empirical level, is 
it true that some writing systems are. easier to learn than others - the 
applied level, what degree could reading disorders such as dyslexia be avoided 
because a certain writing system happens to< be used for a certain type of 
spoken language? At' "the theoretical level, oiie must start to untangle the 
relations between scripts sad speech. Research efforts should be directed 
toward uncovering ^strategic differences at various levels of information 
processing (e.g., feature extraction, letter identification, word recognition, 
etc.) with respect to the reading of different writing systems. These 
analyses may result in a new form, of linguistic' determinism (cf. Scribner 4 
Cole, 1978; Tseng ft Hong, 1960). 



The invention of vriltwn symbols to represent; spoken language was a great / ; 
achievement in the W<ory of mankind. With the advent-of Writing, communion- ; 
tion "was expanded and the limitations of space and time (which are usually: , 
imposed upon oral communication) were overcome. There have been many writing . 
^tems^/ many different 

principles can be divided intn two different categories. One category 
includes a progression from the early seriography, which expresses a general| 
idea in picture drawings "rather than a sequence of words in a sentence, ;to| 
logographs with each symbol expressing a single particular morpheme. The| 

written symbols directly onto meaning. The second. category of writing system 
includes a- prpgreeaion from the rebus system (a representation of a word or 
phrase by pictures that/suggest how it is said, in the spoken language^ e.g. , 
for idea) to syllabaries and, finally,- to the alphabet. The concept 
behind this type of orthography is sound (writing. Undoubtedly, the evolution 
and persistence of a certain type of writing depends to a great degree on the 
special characteristics of its corresponding spoken language (a review'of the, 
development of various types of writing systems can be found in Kung a Tzeng; 
. in press). Since spoken languages differ considerably, diversity in writing 
systems is *o be expected. ■ - ^ % 

The diversity of writing systems raises an important question: Whether 
; or= not acquisition of reading skill is facilitated or hindered by how the 
apoken language is represented in print. This question has ^ be come of major 
concern among reading specialists (e.g., Gibson'* Levin, 1975;' Gleitman^ 
Vfc 02in , 1S77; Liberman, Liberaah, Mattingly, 4 Shankweiler, 1980) as well a. 
cognitive "psychologists who are interested in the effect of orthography 



differences on visual information processing (Biederman S Tsao, 1979; Park * 
Arbuckle, 1977; Lukatela & Turvey, 1980; Tseng & Hung, 1980; Tzeng, Hung, & 
Garro, 1978;" Tzeng, Hung,. 4 Wang, V977). It is not unreasonable to conjecture 
thai human- information processing _st_w 

tion is presented in different formats. For example, it has been suggested * 
that 'the meaning of Words and of pictures are recovered via different 
processing routes (Paivio, 1971 ). Thus, depending upon hoi- r meanings __aro; 
represented in print (i.e., what type of writing system is usddX, a reader may 
have to develop different processing strategies in order to achieve reading 
^rofjLciency^--By_compaW^ 



languages as well as across different writing oysteas, we should be able to 
gain some insights into, the various intricate processes involved in reading. 

. ,.' The present paper will address the issue of orthography. Its purpose is 
to briefly* rev iew\ results of cross- language ^research and- comparative reading 
studies in order to achieve a better theoretical and practical understanding, 
of the fundamental psychological processes of reading behavior, both in thefr 
acquisition arid in their developed functioning. Vith the Msumptipn/4iat 
different orthographies may encourage the use of different processing strateg- 
ies (in fact, Hung 4 Tseng, in .press* provide much needed empirical evidence 
to support this assumption), we can easily appreciate the general advantage of 
such - cross- language and cross-wri ting-system studies. By studying C the 
processes used to read and to learn to read in each writing system, we can 
learn what the range of; possibilities is. Knowledge of the possible processes 
used would be of theoretical interest to those who try to build theories of 
cognitive processes from reading research (e.g. , Morton* a logogen model * 
1 969) . It would also be valuable in applications such as the modification of 



orthographies (Crimea 4 Gordon's discussion- of problems encountered In- poh- v| 
cstructing written languages for many -American Indian languages, 1930). 
Furthermore, delineating the similarities and differences of reading processes ; 
between different writing, systems will help to huiid anV efficient - reading J 
instruction progrua" which will benefit- those bilingual children < recent : 
refugees and other minority/ children) who are --initially or simultaneously 
.tafchtfto read in writing systems other than English orthography. With these 
general 'statements in mind, let us now examine various giapheme-speech mapping . 
relationships embedded in differently^ 

"orth^g^icTv^r!a"tTo^r affect the processing strategy of both beginning and 
fluent readers. * * . q / 1 - j3 

• • ■• •, - • • ' » ' *' ' ' • • • •* '-' . ; ; . : : r-^v 

; Relations Between Script and' Sgeoch 

The relationship between written scripts and spoken, languages seem '^so ^ 
cloii that one would expect that anyone who is able to speak should be able t|j 
. rea4t This is simply not the case. For all normal children, spoken language^ 
seems to require no special "effort to learn. On the other hand , learning to | 
read requires a relatively long "^riod of special training and depends beayil|| 
" on intelligence, motivation, and social- cultural factors. Even with so much| 
.effort being directed toward the acquisition of reading skills, not every; 
•child is blessed with the ability to' read. Two psychologists of reading have', 
•summarized the state of" affairs by saying, "The problem with reading is not,; ^ 
visual, perceptual problem; the problem is rather that the eye is gj| 
N biologically adapted to language" (Gleitman A Rozin, 1977,' p. 3) O;. : • j>£ 



TheJj is a general concensus that written languages evolved much later . 
than spoken. language and that* in some way, the former attempted to mimic the 
latteri In fact, 'except for the earlier semasiography (dating back at least 
as far* as' 20,009 B.C.) which used pictorial representations to refer to 
meaning- directly, most writing systems of the world tfeday are parasitic, in 
various "forms, on their corresponding spoken language. Since their develop- 
ment is largely based > * speech, the scripts are all correlated with the pre- 
•existing units of the spoken languages. But the exact nature of this 
correlation varies across languages. That is, since there are many levels of 
representation for a spoken language, the transcription of visual symbols into 
the- spoken language can be achieved in many dif ferent ways. Let us examine 
^these relationships more closely. x . , 

Linguists commonly recognize three classes of phonetic segments: phones, 
phonemes, arid morphophoneaes (in order of increasing abstracteness) . The 
segsents group together horizontally into "larger sequences: the mora and the, 
syllable. These distinctions can fee seen in the Japanese Kana script. For 
example, at the phoneme level, an utterance- like, "komban" has 6 phonemes 
represented W six different Roman letters. At a more concrete level, this 
same utterance contains 2 syllables but 4 moras . because each of the nasal 
consonants counts as ,an additional mora. Thus,: the word is written with 4 
Kana, symbols such '-sa\^- - - " " .= The corresponding Kanji, however,' con- 
tains^JusTTlo^gTaphs such as ; , since Chinese script is^ based 

* on syllables: These different script-speech relationships have important 
psychological implications for the learner. ; Recent speech perception research 
indicates that syllables are the smallest coherent units of speech: they tend 
to' be physically undissectible, they are the smallest pronounceable units of 



speech, and they may be produced in preplanned units (Liberman, 1970). 
Therefore, grapheme- speech mapping at the syllable level should he less 
abstract than that at the level of moras or at the level of phonemes. 
Moreover, it has been reported that few reading disability children are 
observed in writing systems with concrete script- speech relationships such as 
the Japanese syllabaries and Chinese logographs (Makita , 1 968; Tzeng 4 Hung, 

1980): • v \ 

If we look back at the history of writing, we sbon discover that the 
appearance of various type.) of writing systems proceed* in a certain direc- 
tion. In a sense, the transcription initially starts rk the deepest levels 
the conceptual gist (e%g., picture drawing i), then gradually shifts outward to " 
the surface level, the sounds. At each step, the unique- and concrete ways of 
representing meaning \give way to a smaller but more general set of "written 
symbols. In other words,' the efficiency of writing is achieved at the cost of 
sacrificing the more. direct link to the underlying meaning, and, consequently, 

the grapheme-meaning relationship becomes more and more abstract. v f 

'• . > ■ ■ . • • • . .-• : . v :/;i 

Shcv^tridiU^nal classification of orthographies into logographic, sylla- 
bic and alphabetic modes captures .three types of script-speech mapping 
relationships. For our present purposes,, we will review the essentials of 
these relationships, however, > detailed and in-depth analysis of such 
relationships can be found in Hung and tzeng (in press). 

' Logography represents speech at the level of the morpheme rather than the 
word, sp that oach logogram stands for the smallest meaningful unit, and its 
form, therefore , remains constant regardless of syntactic structure. That is> 
grammatical marking elements, such as tense, number, gender, and so on,, are 



•^Introduced by adding other morpheme characters rather than modifying the form . 
of a particular character. For example, in Chinese logographs, _go f went, and 
gone are expressed by exactly the same character , aad both op and , 

oxe n are expressed by the single character, £j> . This perceptual 
constancy must provide a certain advantage over those writing systems, such as 
the English alphabet, which. require the marking of grammatical inflections at 
the word levef. Thus, the learning of a logographie system may have initial 
success as long ''as the characters to be learned are kept distinctively 
different. As more characters are introduced, however, they are bound to have 
similarities to the previously learned characters (after all, the number of 
basic strokes ia Chinese character formation is only eight!). Whatever 
initial cues a young reader "employs tend to fail as more characters are 
learned, confusion sets in, and learning is .disrupted until other memory 
strategies can be used (Samuels, 1976). p 

The syllabary represents speech at tie level of the syllable, a perceptu- 
ally identifiable unit with a reduced Set of symbols'. For a beginning reader, 
the match between each symbol and each -perceived sound makes the translation 
of visual arrays into the; speech code much easier. The concept of mapping the 
secondary linguistic activity, (•i.e., reading) onto the primary linguistic 
activity (i.e., speech) can be acquired earlier through direct perceptual- 

: '• . . • n t -v.- ■ • • . " - ,; ; •. •' ■ - 

associative links. , However, the initial success of learning a syllabary 
starts to collapse as soon as a large number of lexical items are learned and 
the problem of homophones sets in. ior example, confusions over segment^loh 
( corresponding - examples, in English vould be -to-gether vs. to-get-her; a-muse 
vs. am-use , etc.) tend to pile up during ordinary reading (Susuki, 19^3) • 
'Special processing strategies are required with gretft. demand* on the reader 
for the linguistic parsing of a syllabary text (Scribner A Cole, 1973). . / 
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Finally," analphabetic writing system represents speech e.t the raorpho pho- 



nemic level such that the grapheme-sound-meaning relationship isj opaque. This 
requires a highly analytical processing strategy in order /co unpack the 
meaning encoded in word:i that ars composed of a s/ill furtherj reduced set of 
-symbols. The abstractness of such a multi- level/representation' may be optimal 
for fluent readers (Chomsky a Halle, 1968). However, it poses la great deal of , 
difficulty for' those beginning readers whose cognitive ability has not yet 
reached the level necessary for extracting the orthographic regularities, 
embedded in the written words. '* / 



There is, also' an important .contrast between logographic and alphabetic 

• • • ' ' / ■ / I 

scripts with respect to how pyrBbols are stacked together \ to represent the 

spoken language graphically. For example, in English script, spaces are 

largely determined on the basis of. words. Man, gentleman , gentlemanly. 



. . / ■ ■ ' .. .. 

ungentlemanly . and ungentlemanliness are each written as a 



/ 



though the last word contains 5 morphemes while the first 



single word, even 
word contains only 



1. In Chinese script, on the other hand, the spacing is based on morphemes 
and each morpheme is in fact a syllable. So, a word like 



tricycle has three 



morphemes in Chinese (three wheel vehicle) and is therefore written with 3 



characters, 



and read as three distinct syllables. 



Perceptually, the grapheme- sound mapping in Chinese is 'discrete while in 
English script the relation i3 continuous and at a more abstract level. 

The grapheme- sound mapping in these two languages may have different- 
implications for the beginning readers. pf_ these two scripts. . For, -Chinese 

children, the written array is dissected syllable .by syllable and thus has a 

,N - ■■ ■ ."• • . - ' :\Vv 

• one-to-one correspondence with the syllabic boundaries of the spoken language. 



Because of the multi-level representation, a reader of English,, on the other 
hand, may have to go .through a morphophonemic process in which (a) words are 
first parsed into morphemes and then (b) symbol-sound relationships can apply - 
(Venezky, 1970). Furthermore, phonological rule's are necessary in order to 
derive the phonetic fornT(e.«., to, get /sain/ for sign) . These processes are . 
very abstract and .may, therefore, be. quite difficult for the beginning reader.' 

As we look back at these historical changes, we see that the evolution of 
writing systems follows a single developmental pattern. At every advance, the-, 
number of symbols in the script decreases and, as a direct consequence, the 
abstractness of the relationship between script and speech increases, .This 
pattern of development seems to parallel the general trend of cognitive 
development in children. Results from two independent lines of research are 
of particular interest. First, anthropological studies (Laboratory of Compar- 
ative Human "cognition, 1979) have shown that. children' s conceptualization of* 
the printed c.rays in a text proceeds from pictures to ideas, to syllables, 
and finally, to "wordness." Second, according to E. Gibson (1977), one of the 
major trends in children's perceptual development is the increasing specifici- 
ty , of correspondence between what , is perceived and the information in 
stimulation, as a beginning reader progresses from the whole to the differen- 
tiation of the whole, and then to the synthesis of the parts to a more 
meaningful whole. In a sense, the ontogeny of cognitive behavior seems to, 
recapitulate the evolutionary history of orthographies. Certainly, this 
• cannot bf, simply a biological" coincidence (G?.eitman> 4 Bozin, 1977). Such 
parallelism implicates the importance of a match between the cognitive ability 
of the reader and the task . demand imposed by the specific orthographic 
structure of the scripts. One is almost tempted to tnggest that orthographic 



structure in a ^ri ting system must somehow mold the cognitive processes of its 
readers. In fact, it has been claimed that the processes involved in 
extracting meaning from a printed array depend to some degree on how the 
information is represented graphically (Besner & Coltheaxrt,. 1979; Brooks, 
1977; Tseng. 4 Hung, in press). It .is therefore conceivable that -different 
cognitive strategies are required to achieve reading efficiency in various 
writing systems. One particular concern is whether these different cognitive 
requirements imposed by- various script-speech relations impose^ a permanent 
constraint on our visual information processing strategies, such that readers 
of different scripts learn to organize the visual world in radically different 
ways. Evidence for such a .new "linguistic relativity* 1 hypothesis can be found 
in papers discussing the "weak" version of the so-called Whorfian hypothesis 
(Tzeng 4 Hung, in press) and in recent ethnographic studies on the behavioral 
consequences of becoming literate in various types of Vai writing systems 
(Scribner & Cole, 1978). Cross- language and cross-writing system comparisons 
are certainly needed to help us answer this and other questions. 



^ Orthographic Variations and Cognitive Processes 

We have reviewed 'the general background for the development of various 
types of written apripts. We have also briefly, discussed the linguistic 

■ ' ■ ' \ ■ • • • . ■ . . . 

status, of each of the. three major \types of orthographies in terms of its 
embedded •script-speech relationship. \Let us now. turn our ^attention to the 
behavioral consequences of these variations. There are many iss^-* which have 
recently been tackled by cognitive psychologists, anthropologists, and by 
neurolinguists. Among them, pur concern will focus on those having to do with 
bilingual literacy*. 



1. Reading Disability 

While ..the problem of reading disability is pervasive in languages' 
adopting the alphabetic principle (e.g., English, German, Spanish, etc.) , the 
rkrity of reading disability at the beginning level has been noted in 
languages adopting syllabic and logographic systems (Kakita, 1968;, T«ng & 
Hung, 19B0). -Makita attributes the success of Japanese initial reading 
instruction to the fact that Kana scripts have one-to-one grapheme- sound 
correspondence. . Sakamoto and- Makita (1973) further show that many Japanese 
children learn Kana symbols without formal instruction before they enter, 
.school. On the other hand. Tseng and Hung attempt to account for the success 
of Chinese instruction in terms of linguistic considerations. They point out 
that Chinese, as a logographic script, is meant to express a single particular 
morpheme while ignoring many grammatical marking element (e.g., I WANT CO 
instead of I WANTED TO GO). That is, the character remains the same 
regardless of syntactical changes. In Chinese, the character-speech mapping 
is morphosyllabic in nature. Thus, for Chinese children the* task of learning 
to read means simply to learn to associate each spoken syllable with a 
particular character of * designated meaning. In general, the orientation and 
the number of strokes . uhich form the basis of a character bear no relationship, 
to the sound of the spoken word. Even though the majority of modern Chinese 
characters are phonograms (Wang. 4* press) , the success rate of using a base 
character to sound out another character is estimated to be low (less than 39* 
according to a racint analysis of Zhou, 1978). This lack of symbol-to-sound 
correspondence leaves the beginning readers a. most straightforward way (and 
probably the only way) to master thousands of distinctive characters, namely, 
the way of rote memorisation. This situation is very different from that of 



learning an alphabetic script where one has to he able to extract orthographic 
regularities embedded in written words in order to figure out the letter-sound 
correspondence rules.. Therefore, ' beginning readers of Chinese (when the 
number of characters *to, be -memorized is still limited) face a more concrete 
learning situation than those who are learning the alphabetic writing system. 
The ease, of; acquisition of the logographic system is further; attested by a 
widely cited study in Philadelphia "in which a group of second- grade school 
children with Serious reading problems that had resisted even after extensive 
tutoring by conventional methods were able, to make vapid progress in learning' 
and 'reading materials written in Chinese characters (Rozin, Poritsky, 4 
Sotsky, 1971). , \. „ 

• While the evidence seems to be impressive, one has to be cautious in 
interpreting results reported in the above studies. The study, reported by | 
Makita (1 968) and 'the one cited in Tseng .and Hung (1 930) were both crude 
survey reports. Questionnaires were J sent to school teachers and pre- | 
designated questions were framed in a manner far from satisfactovy. Moreover, 
in both 'Japan and Taiwan where literacy is highly valued and a great deal of 
social pressure is always imposed upon schools to make the schools look good, 
a simple survey on reading disability can never tell the whole story. For one 
" thiag, Makita claimed that Kana is easy to learn because it maps Onto the 
-sound at the level of syllable. However, linguistic analysis shows that Kana 
in fact maps onto the sound at the level of mora (Wang , in press), a aoallerj 
but more abstract unit than the syllable. And there is a report that Japanese 
children do have problems dealing with mora (Sakamoto, 1980). Furthermore, 
different countries have different criteria for reading disability. • Thus, 
such evidence as ; provided by Makita and by Tseng, and Hung, without appropriate! 



cross-cultural control, cannot be interpreted too. enthusiastically. Rozin et 
al.'s (1971) data is; interesting but methodological weaknesses make it less 
impressive than at its first appearande-' Other criticisms have been advanced 
In Tzeng etal. | 1977). It is important to get one thing straight: Learning 
a liAited humbe^ of Chixlese characters does not qualify a jperson as a 
successful, leather of Chinese. The essential difficulty of learning Chinese 
scripts lies in its huge number of distinctive characters. Rozin et -al.'s- 
success in teaching second-grade non- readers in English to read "first" grade 
or lower materials in Chinese is hardly surprising. 

I think it is fair -to say 'that no -hard evidence so far has been provided 
to support the rarity of reading disability ir a certain type of orthography 
as compared to other types of orthographies. However, at different stages of 
Requisition, learning seems to be impeded by different kinds of difficulties. 
This is not surprising. Readers of a logographic script must face the problem 
of memorizing a vast amount of distinctive characters. Readers of a syllabary 
must search for invarianceft at on$ level while readers of an alphabetic system 
still another level. The commonality is that learnittg to read effectively is 
dictated by th* special script-speech relationship embedded in a particular 
orthography, it is no wonder that the linguistic awareness of one's own 
language becomes a prerequisite condition < of successful learning in the 
beginning' readers. This is especially true in the alphabetic scripts, with 
deep, phonology ( such as English, see Liberman, Liberman, Hattingly, ft 
Shankweiler, 1980; Mattingly, 1979). 
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2. Neuropsychologic al' Difference . 

We know that in Japanese three different types , of* scripts (four if. you 
consider the prevalent use of romaji) are used to represent text. So, a 
fluent reader of Japanese has to know all three types of scripts, namely, /; 
Kanji, Kitakana and Hiragana). SaaaWa and her associates ^( for a more ; 
detailed review of Sasae^a's work, ' see Hung & Tzeng, in press) haVe presented 
evidence showing that the ^ability of Japanese aphasic patients to x use Kanji 
and' Kana scripts may be selectively related to the specific type of aphaaic 
disorder. Careful examination of the patients' performance suggested that g 
impairment of Kana processing typically occurred in the context of the overall | 
syndrome known as Broca's aphasia, while impairment of Kanji was characters- J 
tic of Gogi (word meaning) aphasia. .Thai implication is that phonetic-baaed 
scripts such as Kana and logo^raphic- based script such as Kanji require 
different brain location in their visual information processing. But this ■ 
structural interpretation may not be necessary. Empirical research with 
Chinese characters by Tzeng at al. (1977) and the on-going research into the | 
relationship between reading and apeech by the Haskins group (Liberman et al., 
1977) point to the importance of the auditory ahor'c-term store as necessary to 
primary linguistic activity auch as comprehension r and that morphological ;g 
information may require phonetic storage at an intermediate stage of process- ; 
ing. The results reported by Sasanuma and her associates may be interpreted 
- not, as independent neural processing of the phonetic and morphemic components, j 
but as* differential realization of two levels of linguistic awareness (Brick- . 
son," Mattingly, 4 Turvey, 1977). Although clinical evidence aufch as the above 
case has its- limit in generalizability , the observation of selective impair-^ 
ment in reading Kanji and Kana scripts among the Japanese aphaaic patient;; 



nevertheless demonstrate*- differential task demands imposed by these two 



scripts . 



Sasanuma' s (1974) findings quickly prompted another series rof research - 
which is concerned with whether the. 'visual ^lateralization effect (i.e., 
hemispheric. dominance) would, show differential patterns/ depending on whether 
phonetic ncripts (e.g,, Japanese Kana, English alphabet, etc.) or logographic 
scripts (e.g./ Chinese logographic and Arabic numerals) are employed as 
stimuli. The term "lateralization" refers to the different functions of the 
left or right cerebral hemispheres. Mishkin and Forgays (1952) tachistoscop^- 
c».lly exposed, English : vords to either the right-visual- field (RVF) or left- 
visual-field and found a differential accuracy of recognition, favoring words- 
presented to the RVF, suggesting a left hemisphere superiority effect. On the 
other hand, research investigating whether thr asymmetric visual field effects 
are subject to the influence of variations in the orthographic structure 
generally reports a different partem. For instance, processing Yiddish words 
has been found to show a left visual field advantage and the habit of visual 
scanning during reading was suggested to assume an important role in the. 
visual half-field experiment. The unique styles of Kanji and Kana .symbols 
provide a testing ground for theories of cerebral organization. Hirata. and 
Osaka ^(1967) and Hatta (1976) both found a suprior performance of the left 
hemisphere in the processing of. Kana symbols. This resul Vis ^similar to those 
•/ obtained with alphabetic wktin 6 : Recently, Hatta (1977) reported an experi- 
ment measuring recognition accuracy of Kanji characters and found a.LVF; (right 
hemisphere) superiority for both high and low familiar Kanji characters: Also 
using a recognition procedure, Sasanuma, Itoh, Mori, and #obayashi (1977) 
presented Kana and- Kanji words to normal subjects and found a- significant LVF 
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superiority for the reiogiition of Kana words bj$ a nonsig^anV^rend of 
LVF superiority for Kanji characters. Thus, it seems th)/for those sound- 
based symbols 3 uch as English words and Japanese Kana scripts, a RVF-LH X 
superiority effect is to be expected in a "tachistbscopic recognition ^ask | 
while a/LvF-RH superiority effect is to be expected for -the recognition of 
Kanji /logographs. Controversy arises immediately concerning the reliability 
of the Kanji effect. Previous experiments conducted by Kersner and Jeng 

(1972) as well as by Hardyck, Tseng, "and Vang (1977) with Chinese subjects 
.reported significant RVF ' superiority effect in the processing of Chinese 

characters. Thus, the cerebral orthography-specific localiUtion hypothesis 
"plro^^^ questionable. A recent^udf \by. Tzeng et . 

al. (1979) shed light on this, issue. They found that, in fact, the LV* 

superiority was only obtained with recognition of single \charactersi * *X* 

when two or more characters which make up a linguistic term' we^ used. Tzeng 
'. et ai. interpreted these , differential - visual, lateralization effects as re- 1 
' Acting : the function- specif ic property .of. the two hemispheres and rejected 
thV orthography-specific locali^ hypothesis: This interpretation was 
further supported, by ^man' s (personal communication) ev^en with 

single characters, only the simple naming task showed a LVF right hemisphere 
' dominance; a more complicated grammatical classification task showed-- a ^f| 
hemisphere aominance. Therefore, the evidence for differen^^ 
tiona -in processing phonetic-baaed and /logo graphic scripts does seem to be ; 
: strong so far, as these"; functions are, interpreted with/respect to different^ 



deiaaMs imposed \^ the Scripts. 



So far, I have briefly reviewed research on effects of orthographic 
variations on cerebral lateralization using two different approaches, namely, 
the brain lesion approach attdjtfe^ approach- It. 

is true that differences were found in the clinical and experimental studies 
resulting from reading different orthographies. > One may want to interpret 
these data as supporting the hypothesis of hemispheric specificity. However, 
Hung and Tzeng (in press) offers an alternative interpretation in terms of 
differential knowledge structures. According to them, the two different 
pat tern- anal j^ingv skills, (i.e., recognizing kanji vs. kana scripts) may be 
viewed 3 as reflecting two ■ different types of acquired -knowledge, namely, 
knowing that versus knowing how . The former repjnasents information that is 
data-based or declarative, whereas the latter represents information that is 
based on rules or procedures (Kolers, 1979). According to Mattingly (1972), 
operations with these » two types of knowledge require two different levels of 
"linguistic awareness." Whereas the realization of knowledge that requires 

1 \. './: /. , :• ' , ... . 

only a primaryi linguistic activity (or Level I ability in terms of Jensen s 
(1973) classification), the rea'ization of knowing how requires a more 
abstract secondary linguistic activity (or Jensen's Level II ability). The 
imbalance between kanji and kana impairments obrarved in Japanese aphasics 
(Sasanuaa,; 1974) may be the result of differential difficulties related to the 
performance of -these two levels of linguistic activities . The dissociation of 
knowing " how from knowing that has recently been demonstrated in amnesic 
patients ( Cohen & Squire; I960). \^ 

" ' A ■ ■ :< v" * - ' v. *. 

Sue td their unique formation, Chinese characters offer- extremely iapor- 
tinti opportunity for investigators to examine the different properties of the 
two hemispheres. However, it is essential that the investigation must Start 



by analyzing the linguistic property of the characters. A^ recent study by ; | 
.Nguy, Allard an* Bryden (1 980) "demonstrated" , that, Chinese "pictorial" char- ; 
acters show a different pattern of lateralis tion'effect in visual, half-field >; 
experiments as compared to non-pictorial characters. But. careful examination | 
of their materials and their unconventional classification show >ly that | 
their data are totally useless. For example, how can the character for : 
"ghost"; W picto^ are seeing ghost? We have . to avoid sue* J 

irresponsible experiment. 



~T. Dl^f^enUaVlPro^sing Mechanisms and the Behavior Consequences. . . ^ 

V One- research issue concerns, with whether different processing- mechanisms jg 
are activated in reading different scripts and * hat * ould ^J^.^^M 
-c-onseWn^e-^Xf "any7^ in various writing systems. Vith| 



respect to the first question, Besner and ■ Coltheart (1979)' have provided | 
po^tive answers by 'showing, that making quantity comparisons between .two.- 
/numbers may engage different processing- mechanisms depending upon whether^ 
these numbers are presented in Arabic (logographic symbols) or in spelled- out ^! 
English 'letters. Their "data showed that cornering two It&ic numbers wagj 
subject to the interference of size incongruency whereas comparing ^ro| 
spelled-out- numbers, was not. Similar size incongruence interference occurs inj 
a comparative judgment ' task (Paivio, 1975) when the two . to-be-compared itemsj 
are presented in picture form but -not in spelled-out words. The conclusion^ 
from these results is that different lexical revival routes are ? activated igj 
[ order to>perfprm the comparative jugment task (PUvio, 1975). Thus, depending 
upon how meanings are represented in print. . a >ader may have to developj 
diffetint, processing strategies in order to achieve reading proficiency. . ■ 



/•- •'• - < ■ , : ''"3 



To tap into these different, processing mechanisms, Turnage and McGinnies 

(1973) asked Chinese and American college students to study a 15-word list in 

a serial learning paradigm. They also manipulated the input modality of the v 

stimulus -presentation. It was found that Chinese students learned the 

character- list faster when it wa* presented: visually whereas American students 

_ . . . • * . - * . • . 

learned the word- list faster when it was presented auditorily. S^v finding on 

the' Chinese characters is opposite to the famous modality effect (Crovder, 

1978) in vhich auditory presentation of English words results in better recall 

than does visual presentation. - The interpretation offered by Turnage phd 

Mcfcinnies (1973) is thaft Chinese logographs contain more characters with 

similar sounds 'but different meanings than is the case for English, and this 

characteristic «of the 'orthographic structure may favor learning through the 

visual mode. 

Turnage and McGinnies' (1973) study involved two different language 

populations. Not only were' the/ scripts . different t there was also a difference 

* '*'° : '. 1 . y * . . ... . . 

in spoken language. The script" may not^e the determinant factor; rather,, the 

visual modality advantage could, hay e been aV result of differences in spoken 

languages. But this latter %count;w^ by a study comparing 

the learning rate of Korean words written! in either y Chinese characters or 

Korean Hangul (an alphabetic script , see Vang, in ipress).^ Koreans can 

transcribe their spoken language in either script. Park and Arbuckle (1 977) 

examined the memory of Korean subjects for wo!rds written in these two types of 

writing systems and found that; words presented in logographic script were 

remembered better than words presented in alphabetic script on recognition and 

free recall but not 6n paired-associate recall or serial anticipation, fftius, 

there is • indeed an intrinsic difference .with respect to the processing 



nechanism for these iwo, scripts, and these differences seem )not tc , be ,| 

* , < \ *'.... 

associative' in nature. 

But sc far "the most impressive line of research has been provided by | 
Scribner and Cole (1978) in their ethnographic study, of the; cognitive, 
conseqences for tribal Vai adults of becoming literate in Vai or' Arabic. : ^n | 
analysis of , the process of reading the Vai syllabary indicated that special J: 
task demands are imposed by the script. Vai is a tone language but tonal | 
information is not' marked in the script. Furthermore, no word boundaries or 
punctuation axe indicated in writing a text so that the reader must group the ; 
syllables together to form words, then again integrate these into meaningful | 
linguistic units. On the other" hand, the Arabic script is an alphabetic^ 
system and is learned mainly through a rote memory process (the students don' t 
understand or speak Arabic), When students of these two rather differentg 
scripts, were tested in various cognitive tasks, Vai and Arabic .literates di|| 
not differ in .their ability to comprehend the word strings, but Vai literates:; 
were superior on -the picture reading and syllable integration tasks which: 
'kicked their normal reading activities. In couwrast, Arabic literates 
performed, better than Vai .literates on the incremental nemory task which| 
. presented task demands most similar to their, every reading activities.; These 
' results indicate not , only that different scripts impose different task 
. requirements for achieving proficiency, but also that strategies developed ,tO 
*W these requirements are transferable to situations with similar task^ 
requirements. Therefore, Scribner and Cole (1978) provide rather strong 
evidence for our hypothesis that becoming H**r,te 1* certain scripts can have 
^ a. long lasting effect in molding our information processing system. - 



4. Speech Recoding in Reading . 

When people read to themselves, do they recode the visual input into some 
aort of speech- like code (i.e., articulatory, acoustic, or both)? The 
existence of such -.receding is no longer in doubt (Baron & Treiman, 1980; Tzeng 
& Hung, 1980). The question now facing us is why. What "factors encourage its 
use and what factors discourage it? Orthographies vary considerably in the 
demands on the reader. According to Liberman, et al. (1980), one of the 

' aspects of such variations is the depth of the orthography, which can be < 

\ > 

deiined as the relative distance between an orthography and its phonetic 
representation. For example, compared with Vietnamese}- English is a rather 
deep orthography, and thus demands greater phonological development on the 
reader's part. It is quite possible that difference* in orthographies along, 
this dimension affect the use of speech recoding in silent reading. If the 
written forms on the page stand in a regular relationship to the sounds of 
language, the reader may use the grapheme-sound rules to help\ him derive the 
meanings of words. Such a path would be largely unavailable to the reader of 
Chinese, but would be highly available^ to English readers. Therefore, we 
would expect readers of English to engage in speech recoding more than would 
Chinese readers. Such an expectation was recently verified in a study 
conducted by Treiman, Baron, and Luk (in press). 

The investigation into the relationship between the degree of speech 

• •. V- 

recoding and the depth of orthography is an important one. By finding 
differences among orthographies along the* dimension of "grapheme-sound regulav- 
tty, we can convince ourselves of the existence of some speech recoding in at 
least one of the orthographies studied. For ^example, Treiman," Baron, and^ 



Luk's (in press) finding that more speech receding occurs in alphabetic than . 
logographic scripts (as indexed by longer reaction times and/or more mistakes 
in judging homophone sentences) enables us to conclude that- some speech | 
receding does occur in reading alphabetic scripts. <pnce. this fact is| 
established, we can begin to provide accounts of the possible pathways (causal ^ 
links among mental representations) between representations of print, speech., j 
and meanini. ? Tor researchers who attempt to build cognitive models in tems| 
of reading behavior, knowing the effect of the orthographic structure on . the| 
relations of those pathways should be one of their ultimate goals. So far, we* 
know that whether or not a certain path will be bypassed or activated depends ; 
on the orthographic structure of the script cue is reading. But the precise^ 
" relationships are Still far from clear. \ ' ^ 3 

One/can push the argument even further and make the claim that, in an 
alphabetic scrip{ where the prediction of sound from letters alone is alwaysj 
valid' (i.e.. a perfect spelling- to- sound regularity), readers may automatical- 
/iy activate the phonological route, to -the lexicon. Experiments with a; 
"phonologically shallow" orthography such : as Serbo-Croatian (the major 
language of *ugo>- Ha which can; be written in either Roman or Cyrillic) , have 
consistently demonstrated that lexical decision proceeds with reference to the 
phonology Uukatela, Popadic, Ognjenovic.fi: Turvey, 1980). -Most importantly,, 
these investigators found that even when matters were arranged so as to make 
the .use of a phonological code punitive in accessing the lexicon, reader^ of 
Serbo-Croatian were^nable. to suppress the phonological* code. This result;^ 
; directly opposite to that Obtained in English. Davelaar, Coltheart;^eane^ 
'* and Jonasson (1978). found that under similar arrangements, readers of Englie^ 
abandoned the phonological route and opted for direct visual access to th| 



lexicon. Thus, in a less shallow orthography such as English, reading may 
proceed simultaneously at several levels of , linguistic analysis- The concept 
of depth with respect to the orthographic structure seems to be a useful 
construct in . evaluating, the issue of speech recoding. .Here isr an area in 
which 'compara'tive reading studies across .different Orthographies can yield 
important information. 



Why do experimental psychologists so worry about the issue of speech 
recoding? Besides the pure intellectual pursuit, there are reasons of 
practical importance. For one \ it relates to the choice of teaching method. 
There are currently two popular methods of teaching a six-year ol^eh^ld how 
to read. On %he one hand, there is the phonics method which emphasizes 
learning the sobnd aade by letters first, then learning to bMd these sounds 
so that the written symbols make contact with their meanings through the 
spoken language.* On the other hand; there is the ^kcda^word method which 
emphasizes learning a direct connection between the written word (as a visual 
pattern) and the meaning for which it stands. Thus," depending on his/her 
attitude about the presence or absence of speech rocoding during reading, the 
teachar decides whether the phonics or the whole-word method is a more 
appropriate one for teaching young children how to read. 

The second practical reason for our concern & at the issue of speech 
recoding ia that of -lialsct-miamatch between teachers f ? a bilingual child 
(or for that matter the inner-city school children in this country). It is a 
common observation that in many bilingual classes, the spoken language of 
tochers contrasts'sharply with that of the students. The consequence/ of such 
a mismatch can be a-serious one (Chu-Chang, 1979) for learning to read What 



should the teacher-; do? Only-.^ex^ing Jhe^ssue of speech recoding in 
reading will we be able to come up with son* suggestions. For now7Tt isT 
important that we call people's attention to this issue (Chu-Chang, 1979). 

5. Bilingual Processing . 

Our final issue concerns research in bilingual processing. In the past, 
bilingual studies have always dealt with spoken languages. There has been 
little concern with the possibility that experimental results may be contami- 
nated to various degrees by variations in the. orthographic structure. 
Recently, Biederaan and Tsao (1.979) reported a study in which they found that 
a greater interference effect' was observed for Chinese subjects engaging in a 
Chinese-version Stroop-polor naming task than for American subjects in an 
English-Version. They attributed this difference to the possibility that 
there may be -fundamental differences in the perceptual demands : of reading 
Chinese and English. 

Prompted by the intriguing finding of Biederaan and Tsao (1979), Pang, 
Tzeng, and Alva (in press) went one step further and ran a modified version of 
the Stroop experiment. They asked Chinese-English bilingual subjects to name 
colors in .either CM* 3 or English on either, a Ch: ^ -ersion or an English 
version of the Stroo ? at. They found a reducti i the Interference effect 
in the inter- language condition (i.e., responding in Chinese on the English 
version or vice, versa) as compel with that in the intra- language condition. 
A similar experiment was performed using Spanish-English bilinguals witl 
either English version or Spanish version Stroop test. Again the reduction o: 
the Stroop interference was observed in the inter-langu^e condition ai 
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compared to the intra- language condition. A further analysis reveals that 
'although both experiments showed a reduction of interference in the inter- 
language condition? the magnitude" of reduction was- greater in the Chinese-. 
English experiment than in the Spanish-English experiment. Since Spanish and 
English are both alphabetic scripts, switcing languages does not change the 
processing. demands. However, since English and Chinese -epresent two differ- 
ent orthographic structures, switching from one to the other may prevent 
subjects from employing the same processing mechanism and consequently cause 
him to be released from the Stroop effect. - 

\ 

Fang et al. (is~ press) also made an interesting observation. They 
recalculated from Iyer's (l972)~and Preston and Lambert's (1969) bilingual 
data the magnitude of reduction of the Stroop interference from the intra- to 
the inter- language condition. All together, therefore six types of bilingual 
subjects, namely, Chinese-English bilinguals, Japanese-English bilingual s, 
French-English bilinguals, German-English bilinguals, Hungarian-English 
bilinguals, and Spanish-English bilinguals. . Fang et al. ranked these 
bilingual data according to- the magnitude of reduction from intra- to inters 
language condition. The result is as, follows: Chinese-English, Japanese- 
English (with Kanji), Japanese-English (with Kana) , N Hungarian-English, 
> Spanish-English, German-English, and French-English. This ordering suggests 
that the aavnltude of reduction (from intra- to inter- language) depends on the 
degree oY similarity between the orthographic structures of the two tested 
languages. Thus, bilingual processing is definitely affected by .the 
orthographic factor, and (it is fair to say that) the curious neglect of the 
orthographic factor in previous bilingual research is an unfortunate mistake. 
How can we resolve the independent versus inter- dependent lexica issue without 
taking into account variations in the orthographic structure? 



From the viewpoint of cross-language research, the demonstration of the 
importance of. the orthographic factor raises a host of more intricate 
questions to be answered. Do these differences result in different types of 
dyslexia? Do they necessity different instructional strategies for teaching 
different scripts to beginning readers? To readers learning a secorj lonjptp 
which bar; a different orthographic structure? 



Conclusion 



There is an inseparable relationship between written language and spoken y 
languages-they both are essential communication tcols in human societies and 
to some extent the former is parasitic on the latter. There are many writing 
systems for many different languages. Essentially, they carr be categorized 
into- three basic writing systems based upon their various grapheme-meaning ; 
relationships: logographic, syllabic and alphabetic writing systems. The % 
present paper has reviewed most of the empirical work which is relevant to the 
issue of bilingual literacy. I have tried to characterize differences off 
cognitive- processes in reading different types of orthographies. I think the 
recognition that different orthographic structures impose different task 
demands is important ; one.: .Without such recognition and an- attempt to 
control the Jrthographic. f actor, cross-language comparisons of literacy skills 



are meaningless 



In the past, -research in bilingual ^ed^atio> ^d bi^guali ^m has 
implicit. but incorrect assumption that all bilingual s, regardless of the type 
-of orthography in the original languages, are alik>. Researchs reviewed above 
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have shown that reading skills acquired in one orthography may not be the same 
as those acquired in another orthography, if these two orthographies have 
different script-speech mapping rules. Thus, instructional programs* for 
bilingual children whose home language has a non- alphabetic orthography should 
be carefully designed -in order to facilitate positive transfer and minimize 
negative interference due to the orthographic factor. 

Comparative reading research across different languages is an important 
mission for it will help us T to "unravel the tangled story of the most 
remarkable specific performance that civilization .has learned in all its 
history" (Huey, 1908, 1968, p.. 6). 
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Abstract 



It has been consistently reported that deaf children, have tremendous problems 
in reading English sentences. Three extents were conducted in- the present 
study to investigate the nature of deaf children's reading inability. The 
first experiment looked into the letter-decoding process. It was found that 
deaf subjects "took longer than normal hearing subjects in encoding and 
decoding alphabetic letters. The second experiment employed a ..sentence- 
picture verification paradigm. The results showed, that deaf, subjects adopted 
a visual-imagery coding strategy rather than a general linguistic coding 
strategy as described by Clark and Chase (1972) and by Carpenter and Just 
(1975). However.! when the sentence was presented in manual signs (Experiment 
3). deaf subjects' verification time showed that they adopted a general 
linguistic coding strategy. . Thus , deaf subjects' are capable of linguistic 
coding strategy, but they do ^ not apply it to process . printed English 
sentences. A second^language 'hypothesis was advanced" to account for the 
obtained data. Deaf children's reading inability was aW discussed from this 



perspective. 
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Introduction^ 4 
The ability to manipulate and comprehend both spoken language and written 
». language is critical for communication . It 'is "unfortunate that the deaf are 

:> - ; 

deprived of one and deficient in the other, with the result that the average 
reading ability of deaf children i^ far below that of normal children. The 
purpose of the present study is 'to identify sources of reading difficulty in 
deaf children, using an information processing approach. 

Myklebust (1960) reported that on the Columbia Vocabulary Test, the mean 
score for normal children of age 9 " i« 20, while for the deaf the mean is 3. ~ 
At age 11 the respective scores are 33 and 6; at age 13, the scores are 43 and 
10; and at age 15, the respective mean scores become 63 and 11. Not only is 
the difference huge, but it also increases with age. Furth (1966) also 

reported that by age 16, only 12$ of deaf students read at or above the 5th ^ 

' ■ » * ■■ 

grade level, a level which is generally referred to as the "functionally-' 

: useful reading level." Bornsteiri and Roy (1973) ♦ after summarizing results 

obtained from several -different reading tests, found that 16-year old deaf 

students 1 reading ability is equivalent to a grade level of 4.66, Even at 

Gallaudet College, which was specially established for* educationally * 

successful deaf students,* the reading ability is only equivalent to 9th or ^ 

10th grade (Reynolds, 1975). Not only *do deaf children definitely lag behind 

hearing children at beginning reading stages but the gap also increases with 

each additional year of schooling. Moreover, the deficit seems to permeate 

. ■ Y • - " * " ' ; 

the whole spectrum of - linguistic ability. For many years, researchers have 

been trying to uncover the causes of these reading difficulties. Many 
different reasons have been suggested. 

The * first apparent aspect of reading which is missing from deaf ; 
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children's reading behavior is their inability to transform the visual 
information into phonetic codes. The importance of phonetic recoding in 
reading cannot be overemphasized. Experimental results have shown that: 
hearing- persons tend to store visually acquired linguistic material in a 
phonetic form (Conrad, 196U; Kintsch & Buschke. 1969). Tzeng. Hung, and Wang 
"(1977) demonstrated a similar phonetic recoding process when Chinese subjects 
were reading Chinese characters which do not have letter-sound correspondence 
rules. Further, Murray (1967) has reported experimental evidence showing that 
under certain condition* subjects still use a phonetic code even when such a . 
code is not very effective. 

Two different but not -mutually exclusive suggestions have been proposed, 
to explain' the role of phonetic recoding in reading comprehension. The first J 
is that the phonetic code is a more durable code than the visual code and thus 
.is more effective in holding words within working memory until meaning can be 
derived or comprehension can be achieved % (Baddeley. • 1979; Baron, 1976; Huey, 
1908; Kleiman , 1975;' Liberman. Mattingly. & Turvey, 1972). The other 
suggestion is that phonetic decoding is 'required for mapping the written" 
-language onto the primary spoken language in order to make use of the 
processes and structures' already developed for language comprehension 
N (Liberman, Shankweiler, Liberman," Fowler & Fischer, 1977). Experimental 
results from comparisons of memory performance of good and poor beginning 

readers seem to be in agreement with both of these views. 

If phonetic recoding plays such an important role in reading behavior, 
what happens to. deaf children who, because of their specific handicap, do not 
have the phonetic code to prolong the information in working memory and thus . 
cannot use it. to help to map the written language into spoken language? To 
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answer this and other related questions, Conrad and his associates conducted a 
long series of experiments with deaf children. In his recent book) Conrad 
(1979) reports a project in which he studied 468 hearing impaired students 
aged 15-16.5. Out of this population, 35% were profoundly, deaf , having a 
hearing loss greater than 85 dB in the better ear. Only five of these ipeople 

were found to be able to read at a level appropriate to their chronological 

\ . 

age. All five of these good readers were very intelligent and, by Conrad's 

i 

measure, were using internal speech for processing written .material. 
Evidently, without some form of phonetic recoding , reading achievement cannot 
go very far . 

Many investigators also believe that the reading, deficiency of an deaf 
persons is the result of experience deficit in addition to the lack of speech 
recoding ability. Furth (1973) links the performance of deaf students to that 
of culturally deprived hearing students,. A somewhat different view was 
proposed by Russell, Quigley; and Power (1976) and Moore (1978) who regard 
learning to read as being similar to learning a second language. The idea is 
that the code used by deaf persons in their everyday behavior is not 
deficient, but different in kind from the phonetic code used in spoken 

English. Since the orthographical regularity of written words is highly 

V 

related to the^phonblogical regularity of spoken words, deaf persons are 
forced to learn something they are not familiar with. The idea that 
differential— cod ing_scheraes_may be responsible for deaf children f s reading 
difficulty is indeed a plausible one. It is true th^~mMt~ideaf-children_us_e i 
gestural signs as their everyday communication medium, and Conrad (1979) has 
suggested that sign language may be an effective medium for thought. Although 
empirical studies of such a gestural code are just beginning, the idea of 



bilingual experience in deaf children' s learning to read >is an intriguing one 
and deserves more careful examination. 

The present study is modeled on this approach, with the following basic 
assumption. For deaf ^ children who acquire sign language as -their .first 
language, reading an array of printed material is artificial and requires a 
totally different set of information processing strategies. This assumption 
provides a rationale for the three experiments to be reported in the present 
paper. Since our concern is mainly with deaf children's learning to read 
English in America, the discussion will emphasize the contrast between English 

and American Sign Language (ASL). 

ASL is, as compared to English, in every sense an^ independent, full- 
• • ' . . ' j. . 

fledged language. ASL -signs are not based on English words, and they may or 

may not have exact single-word English equivalents, just as a word in Russian 

or Chinese may or may not have an exact English equivalent. ASL signs also 

have their own rules of formation and a unique and complicated grammar for the 

production of correct signing sequences (Klima & Beliugi, 1978, 1979). 

Newport and Bellugi (1978) demonstrated J^g^sign language has an hierarchical 

structure. That is, ASL, like English, has various levels of taxonomies for 

concrete objects. 

^Although many of the signs in , ASL were\ derived originally from pantomime, 
over the years an increasing /number of signs have lost the property of 
iconicity (defined as a natural system of icons and their denotations, a 
simple semiotic system in which signs and meaning closely match; see Stokoe, 
1975). In fact, at first glance, the signs of modern ASL have become so 
arbitrary thaT^Meone^not -^amiliar-^th..l*«_Jan^ge- idll -tot be able to 
understand what has been "said" by simply guessing from the shapes "of - the 

\ 



signs. Stokoe. Casterline. and Croneberg. (1965) and Friedman (1977) have y 
identified and categorized ASL signs according to four major dimensions: (a) 
hand configuration (shape of the hand in making the. sign), (b) place of 

articulation (location of the hand on the body). (O movement of the hand in ] ; . 

making the sign, and (d) orientation, of, the hand in relation to the body. g 
These dimensions are useful in studying the decoding process of deaf subjects' 

... * 

communicative behavior. 

Many "researchers have argued that ASL should be considered as an 
independent language because it shares many of the psychological properties of 
'other human languages. For example, it has been observed that deaf people 
sometimes" make -slip of the hand" mistakes just as normal Hearing peOple| 
sometimes make -slip of the tongue" mistakes (Bellugi ijg^ja. 1975). (it ;i*s| 
also been observed that, deaf people take longer -to 7 "finger fuabler-j. 
sentences just as hearing people do for "tongue twister" sentence | 
(Bellugi, Personal Communication). 

If ASLshould be considered as an independent' language, then deaf people; 
who use ASL should be considered as bilingual s when they are taught to read 
English. For deaf children with deaf parents (those , children-some times^are^ 
• referred to as the "prelfng.u.1 deaf) sign language should be considered as th^J 
native Ungual and English as the second language. Even for deaf childrSnj 
who have hearing parents, sign language still is a predominant communication 
tool. Thus, learning to read English . should also be considered as second 
language learning.- Indeed. Drury (1980) has recently shown that the error, 
patterns" of deaf college students on the cloze task, in which words are, 
randomly deleted from a prose pessage. are influenced only by the immediate- 
. environment of the deleted positions. This is exactly what is observed in 1 



non-native English speaker when he/she is taking a cloze test (Alderson. 
1979). 

If reading Englishes a second language experience for deaf children, 
then\the possibility that they employ two different coding .strategies in 
processing signs and printed materials becomes an interesting", empirical 
question. Although research in recent years has not yielded unambiguous 
results, most of it indicates that the decoding efficiency and consequently 
the speed of responding to verbal stimuli in the bilingual' s second language 
is generally slower than in his or her firsts language, even after many years' 
use of the former. The semantic content of words tends to be decoded more 
slowly in the second language than in the first, even at very elementary 
.levels: the process of decoding words belonging to a second language system 
Simply" requires more time (Domic . 1979). The reason for this decoding 
.deficit is not yet clear. It does seem clear, -though, that somehow 
information processing in the second language is impaired, and that the deaf 
may share this common deficit in learning to read English. Since most^ 
bilingual research deals with. spoken languages, a careful examination of deaf 
children's learning English as a second language will\be important. For 
• he^rTnT^hildTe^Tl^rlffi by 

learning to speak that language. Hence, they m^y^ilTrely^ol^^ 
. codes. For deaf children, however , this is generally not the case and th^ , 
they may develop differential coding strategies for processing signs and 
printed verbal materials. Let us 'review empirical research which investigates 
the coding strategies of deaf subjects in their processing of linguistic 
materials. 

.. Frumkin and Anisfeld (1977) studied the three possible codes (i.e.. 
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v* b iographic, ->em o t and manual) which may be used by deaf .children in; 
storing linguistic items* They found that deaf children were indee using 
these three codes differentially to process linguistic materials under 
different input conditions. When tr*c inputs were printed words; deaf children 
retained the orthographic shape and the semantic content, whereas when the 
units were signs, they retained the formational properties**bf signs and their 
semantic consent. Their data also suggested that deaf children tended to rely 
x on a semantic code while hearing children of the same age tended to rely on > 
phonetic , code. For example, in a recognition test, hearing children tended to 
falsely recognize TOY (a distractor. word) for BOY (a target word) while deaf 
children tended to falsely recognize GIRL for BOY. Frumkin and Anisfeld 
attributed this difference to the fact that deaf children, do not ^ave a speech 
code to effectively prolong the incoming information, so that -they have to 

\ rely more on a semantic code. Conlin - and Paivio (1975) also reported 
.° experimental evidence suggesting that deaf and hearing children were employing 

* two qualitatively different strategies in processing 'verbal materials 
presented .visually. Their data confirmed the observation of Odora, Elan ton, 
and Mclntyre (1970) that word signsbility (a measure of the "ease with which a 

' word can be represented as a gestural sign) is a critical variable in. the 
-■ *tt±al-JLeav^^ deaf. They concluded that gestural signs, 

visual 'features, and visual imag^ 
children's syrabolization of verbal materials. 

Bellugi, Klima, and Si pie (1975) studied the . nature of coding in deaf 

■ * * ■ ■■ . 

subjects' processing of ASL with shor;t-term memory tasks. Their results 
indicated that deaf people were using structural and .formational features of 
signs to retain. sign information in short-term memory, just as hearing people^ 
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use a phonetic code to retain linguistic information to short-term memory. 
Although this evidence suggests that deaf c*Udi an can use gestural and motor- 
movement codes" to retain information i.n short-term meatoy, experimt : al results 
of studies >n long-term memorv i.n general show that the- semantic code is used 
by both deaf and hearing subjects. Siple, Fischer, and B U (1977) found 
that deaf subjects did not "store the , visual/gestural input in their original 
visual forms in long-term memory but rather in semantic categories just as 
normal hearing subjects would do with English words^CUnderwood &Treund, 
1963).. This result was replicated by Liben, Nowell and Posnansky (1978). 
They presented words and signs, which can be clustered either according to 
semantic categories or" according to formational characteristics, and asked 
tJheir subjects for free recall. Their results showed that deaf subjects do 
cluster the output by semantic category rather than by hand shape or "other 
signing fieatures. 

. 3o far" ,mo3t experimental results convincingly demonstrate that deaf 
people use a different set of multiple codes to process letters and words. It 
is still not clear what kind of representation they have after reading a 
sentence except to say that it must be semantic in nature. As is well known, 
reading a sentence involves much more complicated mental processes than merely 
identifying letters and words. Examining the coding process at the sentence 
level will undoubtedly yield important information, about the; reason behind 
lea f chi ldren* s reading disability. Since deaf children seem to use two 
different s trategioe77n~^aIii^wTtl^^ ifc is 

highly probable that the final semantic representations will be different for 
sentences expressed in sign and for sentences expressed in English. With this 
hypothesis in mind, the present paper intends to investigate the reading 



banavlor of d.af children »t the level of aeoteno. comprehension. /^is -oH, ' 
will ' ha.e both th.or.tlca! and practical Impl&attona. Th«or,ticaUy, 
Knowledge of co.nttWa' pro«ia.a in deaf -people . , because, of thair ooi.ua , 
handicap, can ahad light" on aany" ^aationa about .; the role, of , peach in 
cognitive development. Practically. ' W*** ^processing deficit 
underlying d.af childrens' reading' difficultr will, enable u» .to helOh. deaf 
to overdone their productional deficiency o.ua.4 b/ the auditor, i«pair n ant,- ; 
* V ' General Method m v ^ 

The'aim of , the present study is to provide Information concerning 
mental processes involved in sentence comprehension of deaf children. Since, 
' • the* reading achievement is- general very poor. the experimental ma^rials. 
should not be so difficult as, to interfere with comprehension. Similarly, .the" 
Response chosen should not be 'so complicated as to interfere with easy, 
execution. Thus, the follow^ general paradigms, adopted: 'a stimuius 

"*A r~r. . brief period of time, followed by a judgment, task in 
arra; was presented for a briet penuu ot 

i a * n makta a 'ves/no response according to a pre- 
which the subject waa asked to make a yes/ no r«Fu 

specified criterion'. The reaction time CRT) for making a/correct decision was 
recorded and used as a dependent measure , ' Such' a RT expe^Ual paradig^a ? 
' been popular in current information processing research. It < has been | 
successful employed W study many phenomena in .cognitive. psychology, including ; 
memory, perception . psycholinguistics, reading . etc . However , % it has not been J 
used in the .deaf population to study problems beyond letter recognition, ; , 

T«o experimental paradigms were employed in the present study. On* is 
the letter decoding task originally develop by Posner. Boie,, Eichelman and ^ 
--—--^^ B ak» a -same- or; 

- dlf fer««t- judgment Wsimultaheo 
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the physical identity (PI) condition, the subject is instructed to respond 
SAME only if the two letters are exactly the sane (e.g., AA, aa, etc.). In 
the name identity (NI) condition, letter-pairs are to be called SAME if they . ^ 
are identical to each other (e.g., AA) or if "they share the same. name (e.g., 
Aa).- Posner and,, many others in different laboratories have consistently^ 
reported that it takes longer for subjects to. make a name identity judgment 
tHan/a physical identity judgment. This time difference has been interpreted: 
4 /to Reflect the additional time required for determining the name associated 

'.■-/* ";■ • ' ' - ' 

with each character. This process which transforms tihe physical features into 
spme meaningful unit is called the decoding proces/ (Hunt, 1980). For normal 
hearing subjects, the name code is phonetic in nature. But for deaf students, 
/the nature* of the name code .is less' clear. . It/ fact, we do not know whether 
/posner et al.'s letter decoding paradigm is Applicable to deaf suojects. As 
; mentioned above, deaf children may suffer from reading deficiency because of 
their lack of phonetic codes* It is desirable to employ the letter decoding 
paradigm with deaf children to see whether the speed of their decoding process 
also correlates with their other information processing operations. 

the second paradigm used in the present study is the sentence-picture 
verification paradigm originally developed by Clark and Chase (1972). In this 
task, the subject reads a simple assertion about a picture., e.g., STAR IS 
ABOVE PLUS, then looks at the' picture (e.g., ^ ) and determines whether 
or not the assertion is an accurate description of the picture. In the above 
^example, the subject^ s correct- response should be "yes" and consequently this 
sentence is classified as a TSUE AFFIRMATIVE (TA) sentence. If the picture is 
"JL", the correct response should be "6o>, and the sentence is clas asified as 
FALSE AFFIRMATIVE < FA ) sentence. Thtre are also negative sentences. For 



W.. . «.r..t sentence ..> > STAR" IS HOT ABOVE PLUS. Tf ,the picture 
shown in .then the subject- ..correct response should he -yes" and xhls Is , 

• a T»ft NEGATIVE (Wj.nt.nc. . Similarly, If the picture shown Is y. the 
subJecVs correct response should be "no" and this sentence Is cUs nalfied aa ; , 
FALSE NEGATIVE (FN) sentence. The ti.es required to read the sentence and. to . 
make the true-false Judgment are recorded . The independent variable In such 
. eaperimenta is. the linguistic complexity of the target - sentences.. ;T*«|| 

dependent variable is the reaction .tine for oaking a_ yes/ no decision. . • . 
X " " Results from this type experiment are rather striking and a**, 
somewhat counterintuitive. The. RTs .for the four types ^#»fp 
-XiJrX, increasing function with the ordering TA<FA<FJ^ W order tb • 
•account for such an orderly linear increase^enter and Ju,t ; . M9 7 ? || 
elaborated and rifled Clark and Chase' s^T^rlglnal' model and proposed jg| 
constituent comparison .model. ln...^.-^^;i»>^;.^'^^l| 
and picture are represented Internally by logical prepositional fomS v After ^ 
• hotn representations have' been formed, they are .compared. . component ||| 
component, from' the Innermost to the outermost constituent. It should be J j 
noted that for such a model to be successful . It Is .re,u.l f ed tU affirmative,. 
' aentencea are verified more rapidly than negative sentences. and>TES response,, 
Uor' TRUE sentences') .are faster than NO rtapons.s. ( '/or FALSE 
Furthermore , the affirmative-negative effect should be .considerably^.^ 
than the true-faiae effect. Later experiments (Hunt, 1-^^ 
,,75, Just •* Carpenter.: W5) seem to confirm' these effects. Hoover,. ^ 
. generality of the linguistic mod,! was soon challenged b, tin^t*^ 

subsequent studies. 1 -v ^ 

: > ■ MacLeod. Hunt, and Mathews (1978).. 1" • large-scale study, . gathered. 



sentence verification data from. 70 University of Washington students. 
Averaging over subjects, the constituent comparison model of Carpenter and 
Just. (1975) accounted for 87/' 0 f the variance, which is of course an adequate 
replication of Carpenter and Just's report. However, a totally^ different 
picture emerged from further analysis of/€he individual data. . While many 
.subjects were reasonably well fit by the model , 16 out of 70 subjects provided 
data that showed qgite a different pattern: The verification times were 
ordered TA<FA=FN>TN rather than the usual TA<FA<FN<TN. The data suggested 
that these 16 subjects were using some type of internal codji other than the 
general linguistic code suggested by* Carpenter and Just (197p). Examination 
of these 16 subjects' verbal, and spatial aptitude scores revealed that all of 
them N had relatively low verbal scores but considerably .higher spatial scores. 
This result led MacLeod et al. to suggest that these subjects might use a 
visual-imagery code to process the linguistic information. That is, they 
might first translate the sentence into a visual image and then simply compare 
this newly .formed visual image to the presented . picture . Thus, at least two 
different coding strategies have been identified -in perftfrming the sentence- 
picture verification task, and uhe strategy choices themselves are predictable 
on the basis of subject characteristics. 

Since profoundly deaf people do, not usually have a speech code available, 
and are. presumably using 1 primarily a visual-spatial code, they were expected 
.. to perform like the /isual-imagery. subjects in the MacLeod et al. study. 
That is, for deaf subjects we should expect RTs for verification in TA, FA, 
FN, and TN sentences to form an ordering or TA<FA=FN>TN (as predicted by 
MacLeod et al . ) rather than TA<FA<FH<TN (as predicted by Carpenter and Just) . 
This hypothesis was tested in the second experiment of the present study. 



i-hb literature that deaf people use 
Since we know' from reviewing \he literal 

, B , fB -< !< i s it will be interesting 

different codes to process verbal and si 8 n materials, will 

_,„,.„„- verification \ under conditions of 
to compare the results of sentence-picture verifies ; ^ 

readin 8 a printed sentence and perceivin 8 actual si 8 nin 8 , an additional; 
Question can * raised at this point. Which set of data, the sentence reading 
performance in fccperiment 2 or the si 8 n-perception performance- in .Experiment . } 
3 would nave a hi 8 hlr correlation with the letter decodin 8 performance in 
.periment 1? The anUer -ill of course 8 ive us insi 8 ht about the nature of . 
th , internal code formes duri„ 8 sentence comprehension by deaf subjects. ; 

Experiment U Letter Decpdinj/ 
, There were 'two purposes for running letter decoding e^ri^ent, j 

First , this si raP le expert served as fixation and practice wit, the,, 
■ ke v pressing responses" to be used in later ^plicated expert. , 

Second. the data ^ reveal the nature* the na*e code Tor letter, when there f 
is Xittle possihilitKor^speech receding. The obtained HTs in Extent 1 
■ are available Tor correlation with the KS data of Experiments * and 3, The , 
d?r ee and direction or th.se correlations will allow us to characterize the, 
coding strategies used by deaf, subjects. 



Method 

Subjects 



cts \ ■ • 

, T hirtv.flve profoundly deaf hi 8 h school students at the California School:, 
for the Deaf in Riverside ( CSDB»rved as subjects. CSDR is a residential; 
■ school for profoundly deaf and h ard-of-heari„ 8 students, Ul classes. ran 8i n 8 
from elementary to hi 8 h school levels, are conducted in both sl 8 n and speech 
' a „d «. is lively used on the campus. W a 8 e. of the subjects ran 8 ed. 
fro. „ to ,8. with a.ean of ,6.23. according the school records, all of 



the subjects scored 90 and ! above on the Wechsle> x Intelligence Scale for 

Children (WISC) (10 range' from 90 to 133, with a mean of 109.62). All the 
subjects were deaf 'from birth: They all are classified as -profoundly deaf 
with a hearing loss of 90 dB and above in the better ear. 

Materials * 

The stimuli were the letters A, B, G. md H in upper artd lower case. For 
each subject, each stimulus set contained 80 pairs of letters which were 
divided 'into two blocks of 40 pairs each. Within each block, the number of 
"same- and "different" - responses to-be made was equal. For each response 
category, there were equal numbers of upper-upper ., upper-lower , lower-upper, 
and lower-lower case combinations. The order of items within each block was 
randomized separately for each subject. 
Procedure 

A list of letter pairs 'was presented pair by pair by a Kodak Carousal 
slide projector onto a screen in front of the subject. Two letters appeared 
on the screen simultaneously and remained on until the subject responded by. 
pressing one of the two keys mounted on the table in front of him or her. One 
of the keys was labeled SAME while the other was *aTJe^d DIFFERENT. The 
subject was instructed ' to sit with the index finger of his right hand resting 
on the key on his right, and the index finger^of his left hand resting .on the 
key on his left/ For half of the subjects, the instruction was. to press the. 
right key . for making -the SAME response and the left key for the DIFFERENT 
response. "For the other half, the assignment was reversed. In short, a 
positional effect was ruled out by this balanced design. " 

A Hunter%lectronic digital timer was connected to the projector. . As 
soon as a letter pair appeared on the screen, the timer was triggered and ran 



until the subject pressed one of the response keys* If the subject failed to 
respond within 5 seconds, a new .trial /began and the timer automatically reset 



to 0000. The experimenter recorded the times, required for making a response. 

The, instructions for the physical identity condition were the following; 
"You are going* to see a' pair of letters on the"screen. If you think that two*" 
letters are totally" identical f for example, A A, or a a, please press the kr/y 
labeled SAME. If you think the letters are not totally identical, for 
example, A a) or A B, please press the key that is labeled DIFFERENT. Please:' 
respond a3 quickly as you can but be accurate at the same time. There will be 
ten practice trials to help familiarize you with the procedure, and after 
that, we will start the experiment. Do you have any questions?" 

The instructions for the name identity condition were very much the same:' 
"You are going to see a pair of : letters on the screen. If you think they 
refer to the same name, for example, A. a, or a a,, please press the key that is 
labeled SAME. If yofi think they refer to different names, for example, A B,, 
or a b f please press the key which is labeled DIFFERENT. Please respond as, 
quickly as you can but be accurate at the sam4 time. Do you have any 

questions?" /' 

Subjects were run individually and -all t^e instructions were given in 

ASL. •• . ;7 '\ : ] . 

f Rcsujfc^s and Discussion • 

All analyses were carried out on the mean RTs. Since the error rate was 
extremely low (less than 2%) , errors were not included in the analysis. The 
results are summarized in Table 1 f which shows a 2 <PI vs. NX) x 2 (SAME vs. 
DIFFERENT) matrix. The entries in the cells represent RTs, averaged across 
subjects, as a function of task and response mode. The data indicate that HI 



decisions took longer than PI decisions and DIFFERENT response took longer 
than SAME responses. An analysis of variance for a 2 x 2 factorial design 
with repeated measures confirmed the above observations by showing a 
significant main effect of decision types, F(1,3«) =7.43. P < : -025, and a 
significant main effect of response type (i.e., SAME vs. DIFFERENT), P(1,3jO 
= 30.38, p < ; .01. The interaction between the two factors was not- 
significant. FUi3«> = 3.09, P >.10. In general, this pattern of results with 
deaf subjects is very similar to that obtained with normal hearing subjects by 
posner\t al. (1969) and Hunt, Lunneborg , and Lewis (1975). 



Insert Table 1 about here 



• ' Following the arguments- advanced by Posner et al . (1969) and Hunt et al. 
(1975), we mh interpret the longer NI decision time as reflecting an 
additional operation of transforming a visual code into an : abstract code. The 
results of the present" experiment show that for deaf subjects this letter 
decoding process requires about 109 msec to accomplish, which is about 33 msec 
longer than the 76 msec obtained with the normal University of Washington 
students (Hunt et al... 1975). as depicted in Table 2. A glance at Table 2 
reveals that the mean RT for PI decisions in deaf subjects is 688 msec while 
-that for hearing subjects is only 533 msec: deaf subjects take 155 msec 
longer than hearing subjects to make a PI decision. Similarly, the mean PT 
for the NI condition is 797 msec for deaf subjects while for hearing subjects 
the corresponding time is 609 msec. Again, deaf subjects take 188 msec longer 
than hearing subjects to make a NI decision. Considering that deaf subjects 
have less experience, in reading letters than coliege students, the slower 



ERIC 



encoding process observed in the former group is to be expe 
since transforming letters into an abstract code is an everyday experience .for 
normal students .but not for the deaf, there__is _also ^j^JIM^ 
slowing of the decoding mechanism in the latter group.. 



Insert Table 2 about here 



-. - . ., -....it- -how (a) RT is a reliable measure 

In summary, the experimental results snow La; 

for revealing mental operations in the deaf, (b) deaf subjects are generally ,,. 
slower than hearing subjects in both encoding and decoding processes. Hunt 

....^l.v r <»«iu\ts from different laboratories. 
(1978),. after reviewing many ^experimental results irom ui 

f0 „d the decoding time ( 1 1WI. ,» be correlated wit* subjects- verbal 

.bility. !t Mould b.W..tin. to ... to *.t "extent deaf ejects' letter . , 
decoding ability might correlate with their aentence comprehension ability. j 
This relationship was examined In the following two experiment.: ^ 

Experiment 2_:_ Sentence Ccmprehenslon 
' the preaent experiment was concerned with dear subject., reading 
strategies' -hen an .rr.y of prints English word a was presented . sentence- . 
plctur. verification paradigm (Clark \ a.se. 1972) -as employed , since the 
experimental procedure is very simple and sophisticated models are available ,; 
tc account for the data, 'The task Involved presenting a aimple. sentence , 
< Allowed by a Picture. Whose content was or -as not compatible with the meaning, 
of the aentence. The subject-. t.,k was to verlfy.the sentence by looking at : 
the content. Of. the 'picture. The dependent measure was the time r„uiredJor 
the subject, to make a correct verification decision. There were two 
independent variables. One was the truth value of the sentence, i.e.. whether. 



or not the picture depicted was described correctly by the sentence, and the 
subject made a "YES/ NO -dec ision. accordingl y • The other was the syntactic 
structure . of the sentence, i.e., whether the sentence was affirmative or 
negative. An orthogonal combination • of these two factors produced four 
different types of sentences, namely, true affirmative, true negative, false 
affirmative, and false negative. i 

According -to MacLeod et al. (1978), if the subject adopts a general 
linguistic coding strategy (i.e., a prepositional code) , the RT data should, 
fit Carpenter and Just's ( 1 975 ), constituent model. Otherwise, a visual- 
spatial coding strategy is implicated. Since bur profoundly deaf subjects 
were generally poor in dealing with printed English sentences, we expected 
that their performance in/*h£ sentence-picture, verification task would exhibit 

a visual-spatial coding strategy. 

The sentence "STAR IS ABOVE PLUS" can also be expressed as "PLUS IS BELOW 
STAR" . By presenting sentences in both ways we. can examine the effect of 
linguistic markedness (Clark^ 197D It has been shown that the two modifiers 
"above" and "below" do not have equal linguistic status (Sapir, 19«JU>. The 
. former is neutral or unmarked while the latter is non-neutral or marked. This 
concept of linguistic markedness can be illustrated with the unmarked "tall" 
and. the marked "short." When we ask someone "How tall is Tqm?" , we usually do 
not imply anything. However, when ask someone "How- short is Tom?" , we imply 
that Tom is short and we want to know' how short. Clark and Chase (1972) 
demonstrated that subjects take longer to process sentences containing BELOW 
than sentences containing ABOVE. This effect, of" linguistic markedness is 
consistently found in the sentence-picture verification paradigm (Carpenter & 
Just, 1975; MacLeod, et al . . 1978). If deaf subjects do not use- -a general 



linguistic coding strategy. however, we would expect no effect of linguistic 
markedness. 

Method 

Subjects ~ . 



Twenty profoundly dear h^^^ in '< 

first experiment also participated in this experiment. 

Materials 

* The "stimuli were the eight sentence-picture 'pairs shown in Table 3. and 
another eight pairs in which only -the V- and positions in the picture 
were reversed, thus, altogether f there were 16 sentences in one block. Every 
subject was tested in 4 blocks of these "16 sentences and the order/of sentence 
with each block was counterbalanced across subjects. 



Insert Table 3 about here 



Procedure 

The sentence^picture" pairs were presented by a Kodak Carousel slide; 
projector onto a screen placed in front of the subject, who was instructed to 
read the sentence as long as he needed, up to 5 seconds and to push a- white- 
button mounted on the table in front of him when he understood the meaning of . 
the sentence. A digital timer was connected to .the slide projector in such, ^ 
way that it would start as soon as the sentence appeared on the screen. The 
timer ran until the subject pushed the white button. The time Required for 
the subject to read the sentence was recorded by the experimenter as sentence^ 
comprehension time; A picture appeared^ on the screen immediately after the. 
removal of the sentence. The -subject had been instructed to then make a yes 



or no judgment according to the relation between ^the sentence and the picture. 
If the preceding sentence truly described the content of the picture, a yes 
response should be made. Otherwise, a no response should be made. The T 
subject was instructed to indicate his or her decision by pressing one of the 
two telegraphic keys, mounted beside the white button.. with the index finger 
of "the writing hand . Half of the subjects were asked to press the key on the 
right hand side of the white button for the yes decision and the key on the 
left hand side of the white button for no decision. The* other half were 
instructed to do Just the opposite . The subject was instructed to make the 
verification decision as quickly as possible. The time required for the 
.subject to make a correct uecision was recorded as the sentence verification ^ 
time. .Feedback was given to the >ubject after each trial. The % subject was 
told that if he or she made a correct response, a Small light in front of him 
or her would be lit by the exerimenter. All instructions were given in ASL by 
an experimenter who was highly familiar witKsL. The subjects were run 

individually. ^ * ' • s ■ ' 

The detailed instruction for this experiment, was: "You are going to see 
a sentence appearing on the screen. You can read the sentence as long as you 
need, for upto 5 seconds. When you understand the sentence and are ready for 
the picture, please press the 'white button in front of you. As soon as you 
press the,: button, the picture will appear. Your task is to make a judgment as 
to whether or not this sentence" is a true ' description of the- picture. If it 
is, please press the YES key; i* it is not, please press the NO key. After 
-you press the response key' the picture will disappear, and the l»ext- sentence 
w'iil appear in 5 seconds. If you make a correct response, the small light in 
front of you will go on as a feedback to you. Please respond as quickly as 



you can out be' accurate at the same time. Do you have any questions?" g 

Results and Discussion " . 
.. Before presenting the results of this experiment, one thing should be 
mentioned. When this experiment was initially planned, it was thought that a 
simple telegraphic sentence such ' as •'STAR^lJ ABOVE PLUS" would be easily 
comprehended by our high school >tif students. It turned out that this was| 
notlthelcake.at 'aU. No subject was able to comprehend such sentences in less| 
than five seconds. Reading. English sentences, is 'definitely, a major problem 
' Tor these students. Because of the long time Jieeaed to comprehend sentences, 
the sentence comprehension time was not a sensitive measure, and consequently 
it was decided not to analyze this measure. • Therefore, only the results of 
verification RTs were analyzed; these results are summarized in Table H. ' 

An analysis of variance for a 2 (AFFIRMATIVE vs. KEG AT I VE) x 2 (TRUE Vs. • 
fALSE) factorial, design with repeated measures was performed on the raw 
verification RT data. It showed ■> significant -main effect of syntactic 
structure, with the negative sentences requiring' longer vernation times 
than affirmative sentences"*^} -8.5. P <.01V The main effect of truth 
value was also significant, with false sentences requiring longer verification: 
times than true sentences, F(1,19> = 1«.97. P < W. There was also*, 
significant interaction between -the .above two factors, F( 1.1 9) = 8'. 09. P < 
.01 . Careful examination of\able 1 reveals 'that this inter-action is<based 
mainly op the fact that the effect of syntactic structure w^s smaller for 
false sentences. Post^hoc analyses with Tukey's HSI>*rocedure confirmed this 
observation by showing a significant simple effect.of syntactic structure for 
the true sentences^? < .01) but » negligible effect for the false sentences 
(p >.10). 

V ■ " , ; .•■•.•"'•".>■ ■;•:: 91 • ■ ■ :" : 



Insert Table H^about here 



The above pattern of interaction immediately calls into question the 
adequacy of Carpenter and Just's (1975) constituent model as an appropriate 
account for the data obtained in this experiment. According to the 
constituent model'', the average amount of time required for each sentence type 
should vary from k units for a. TA sentence to k+T units for bVa sentence, to 

units for a FN sentence, and to k+5 -units for a TN sentence. In order for ' 

. -■■ ~'~7":'7~.~~ — -' .- _ * ... . * i 

such a linear Increasing function to be held, the general trend of the RTs 

should at least exhibit "the following relationships: TA<FA<FN<TN. Clearly, 

the strategy that deaf subjects adopted for such a sentence-picture 

verification task is not similar to the general linguistic coding strategy 

described in Carpenter and Ju3t* s model . 

Carpenter 'and' Just (1975, Taole 4,5.7. & 8) reviewed a great nunber of 

studies and convincingly showed that the linear model effectively captured^ a 

, very large percentage of the variance In reaction time across conditions. The 

present data were tested against their model by two stringent criteria. . 

The first test finds the best-fitting curve for the present data. Figure 

/ I shows, the four verification RT means arrayed in the order predicted by the; 

/fa Carpenter and Just (1975) constituent 'comparison, model. A trend analysis for 

linearity was performed and the statistical test suggested no trend . for 

linearity, F(1 ,57) =0.467, However, a further analysis revealed a significant" 

quadratic trend, FO.57-) = ■ *".75'i P < .05, suggesting that the data might fit 

better with MacLeod et al.'s (1973) visual-imagery model than with a ger '.ral 

linguistic model. 



Insert Figure 1 about here 



. The second test look, at the ratio of negation .time to Xalsificetidn 
time. According to CUrR andVchas. (1972). h«.Uon time <»T> refers to'^th, /; 
e»r # time to process a negative. -Specif i..Uv/«> ttWeW) - <f*™*J 
Si.tt.rly, falsification /time. (FT) is the extra time, required ir the edr. :' , 
proposition, mismafch. namely, -FT .,ttT«*i)i(F^)3« v ^ «-f • , 
„,,,„ discussed fully in Catun and Jones (1 976) C»s Welf as?^ ShbOen ; ^9T8>.; ' 
"end it is unnecessary to dcscrlte the; matheaattcal details here. Suffice^, 
to say that for ~ost studie* reviewed *y Carpenter and Just ( ismj* . 

ft,- ^if 4v n f ^eiation tine to falsification/* 
the sentence precedes the picture, the ratio of negation ., _ _ ;\...;. •; 

time israhout * (Catlin * Jones /l9V5). -Following the equations ^en;a^e.- 
the estimated NT and FT ■ in the preset experiment are ; *tf:5 m«c and. 105.5 ■ 

^ v. at xr\n : FT is '1.379 1 nowhere ciosflt to the. 
nseo, respectively. The -ratio of -NT ^ >5, !^ . ; 

ratio obtained with normal hearing subjects. . ; _ 

The 5 e two test, enable us? to reach >e .conclusion , that deaf subjects; 

indeed ' m,\ totally 

verification task. *»t ^'^^^^^^^f^l^'-^^ 

different does. Fir*. ;the ^^'^SnM^lf'.i'i^-^ 
obtained in the S.nt.«.-plctur^ ^.rif ic.tloi. Wigm,? -hen the . pUtur« e 
V««d.s the sentence . namely about Wcaiiin i jonesV 1976; 1978>| 
Hence, .-picture-coding strategy is implicated. / Second, the inverted-., curve 
: depicted in F^ur. , looks very si-Mr *o ^pattern obtained by HacUod-et. 
.1, ( WW with those subjedts ; -hese at data, correlated highly *ith their, 
spatial ability •»< less kthf their verbal ability. Again , ^ visual-spatial 



type of coding strategy is implicated . Thus, it seems reasonable to propose 
that deaf subjects perform the sentence-picture verification task in the 
following steps; ,J' 

1. When the sentence is presented, they take- all the time -they need to,', 
form a visual iraafee of it based upon the semantic clues of each word in the 

sentence^,; ■ - ' 

2. T They respond that the sentence has been comprehended when they can 

translate, the verbal sentence into a visual image.. 

. v •"• • • ' . • ' \ ^ * ■ 

3. When the picture appears on the screen, they form a visual image of 

it; ■ ■ V - ./: ' ' , . ' ' - .. r 

• v They compare the two images and make a response. 

This visual-spatial* strategy (MacLeod et al., 1978) differs from the 
general linguistic model (Carpenter & Just, 1975; Clark & Chase, 19724 in two 

i "" "" . ' ; f ^ _ . 

majpr respects." First, the process of translation from a verbal string into a^ 
visual', image takes place as the sentence is comprehended rather than as the 
picture is verified. Thus, the major difficulty- of the task is at the 
sentence corapr pension stage. Second, as the dora pari son process-is to be on 
visual imaged, the concept of negation becomes les3 important. One would 
«pect to find that the true- false contrast in- verificatidn time should be 
'stronger than " the affirmative negative contrast. This expectation- . is' 
' consistent with the observed interaction between these two factors, due to a 
reduced effect of syntactic, structure in false sentences. This finding 
provides additional ^support for the conj.ecture that the factor of syntactic 
structure is not^as 'important as the factor of the truth value: Taker, 
together, the results of the present experiment suggest that deaf subjects 
Adopt a visual-imagery coding strategy during sentence comprehension. 



Th. obaorvation that th. «.« d. not ff ■ into generM yngul.tW.oder 
gain, forth.,- aupport -b.n th. eff.=t of /llnguiatic aar^n... 1. ^ln.d. ' 

rfiow sentences were analyzed separately, the 
When the ABOVE sentences and BELOW sentences « 

,».r.g. . verification RTs ~. 1323 ^ »" ? meecV -r^peoti^ 

S t.U.tU.l .valuation with a dependent ahowad . th^he differ.no.-Saa not 
significant. t(,9> • .7.. 'In fact; th. diff erenc. was in the. U ro,^lr.otlon , 
ThlV abaenc. of a auppoaedi, very robust UngMiatic effect reinforoea the 
,„erti.n that the deaf .object, did not : ua. a;g.n.ral llnguiatlo oodln 6 
s tr.t.g». in verifying* picture againat/the preceding -dt.no.... 

„no.tvah ly . on. might find ..«***». »ar^ff.=t durin 6 ;th. fir,t,ata 6 . 
of ..nt.no. proceaaing, «hich was not/ ^.V «par.t,I» by the ^aent 

atudy, Vhat haa,be.n d.ii- here li that th. reacting node cannot b.. 

linguistic in nature .nd that d..f / s»b,..t. uaed thia „on-lihguiatic cbd. to 



make their verification decision. 
~ ~ ~^fr>^ subleota^tMa .xperiment ..lao ha* participated lb th. 
Utt.r-d.codW experiment, jL f* of the preient experi^t jool^aed ov.y 
aent.nc. t*..V ««, correlated to the letter-decoding tlmea «....«-?>; 
~oht.in«d in Expert,. la. r«u!Un f corr.l.tio„ ...ffio^t 
nonsignificant '.„.' appa-tl,. performance in the 

not predict performance in reading a.nt.nc.a.; even thougUeach sentence,.^ 

" oo.po.-of .»y X.tt.raf' T»o diff.r.nt prooeaa.a .repeated, and 

1 „ e K,ri-h*r *fter we examine ,the results of thi next 

discuss the,se processes further arter. we , r < < 

• experiment . .. ; , ••' * 

J'-'".--' Ex^erimentlL Comprehension of Sjjned Sentences f' V !'v^ 

■•• • la , t Moer . 0 ent show that deaf subjects v unlike 

The results from the last experiment. y.,'.,..;.?. ; : 

' ... a nn^nistic code to verify a picture against a 
•hearing .subjects, do not use a linguistic 00 ' . -j 
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previously read EngUsJ» sentence. Instead, they seen to translate the printed 
sentence into a visual-imagery code and then make their verification decision . 
V based upon such code. There are at least two possible explanations. 'First? 
it is possible that the visual-imagery ceding strategy is the general strategy 
that deaf subjects use to process external information, be it verbal or non- 
" verbal. This explanation assumes that deaf subjects generally do not 

represent' .information in a linguistic or pro positional format. Second ,. deaf 

subjects • may not use a linguistic Coding strategy in this task because of 
tneir Inability to process English efficiently. This ex planation assumes that 
deaf subjects are capable of a "general inguistic coding strategy but because 
of their inefficiency in reading printed English prefer to adoptN^visual- 
imageri coding strategy in the picture verification paradigm 

The key question differentiating the above two explanations is whether or 
not a linguistic coding strategy will' be used by deaf subjects when the task 
is. less demanding. The present experiment; was conducted to answer this | 
question; in this experiment , a modified sentence-picture paradigm was used 



J' 



Instead of presenting the sentence in printed form, each sentence in this • | 

experiment was signed I wordby word by an ASL signer. Upon the completion of 4 
the signed sentence, the^picture appeared on the screen. Since all the 
subjects were highly "familiar with ASL sign's, ; and the sentences were 'simple in 

"stTucture, it was expected that such.signed-sentendes would be easier for them ■ ■ . ' . | 
/to. comprehend. This expectation, was - confirmed... It was. f«, .«nd that subjects 
showed no difficulty in comprehending such sentences. The target sentences .... j. . .. 

and the experimental manipulations in " this ^experiment were .the same as those ' ^ 

of the last experiment. Comparisons of Results obtained in these two ^ 

"experiments should yield important information about the coding strategies of • U 



\ 



deaf subjects und^r various conditions; ^ 

\ Method 

Subjects 

Fifteen profoundly deaf high school students who -participated in 

Experiment i but not in Experiment 2 were recruited again to serve as subjects 

r - . I .« • , 

in. the present experiment . ^ x 

Materials and Procedure , 

The materials and procedure in this experiment were the same as in 
Experiment 2 except that the sentences were presented by an ASL signer signing 
the sentence word by word (i.e., each sign' corresponding to each English word 
and" order )" to the subject .•• Again ,. the dependent measure , was the sentence, 
verification time. N 



/ 



Results and Discussion 



. In contrast to the last experiment where subjects showed great d iff lenity 
in reading printed' English sentences, subjects in the present experiment 
comprehended the signed sentence with ease. - Mo>t subjects were ready to press ; 
the white button tp signal the comprehension of the presented sentence almost , 
as soon as the last word in the sentence was signad. The ease of sign 
perception supports the contention that "signing is a natural and familiar; 
communication tool for these subjects. ] 

' Results of verification RTs with respect to 'the two independent variable 
are summarized in Table 5. A 2 (Affirmative vs. Negative) x 2 (True vs. 
False) ANOVA similar to the one used in Experiment 2 was performed on the raw 
RT data. It revealed a significant main effect of Truth Value, F(1.1«> * 
\v.V,y< .01 , and a significant main effect- of syntactic structure ><Mty 
.;,* i 3i 06. p < .01. There was also a significant interaction between the above_ 
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two factors, 'F( 1,14) - 6.47 ^P < .05. In general, the pattern of results from 
the present experiment is similar to that of Experiment 2. However, a careful 
examination of Table 4 and 5 reveals the following differences: j 



Insert Table 5 about here 



1, Whereas Table 4 shows; a greater effect of truth, value than of 
syntactive structure, Table 5 shows a greater effect of syntactic structure 
than of truth value (263.5 msec vs. 109.5 msec). 

,2T; Whereas the interaptipn effect of Tablfe M is accounted for by the 
disappe arance o f/ a syntactic effect Un fal se sentences , the int eraction of 



Table 5 seems to result from the disappearance of .a truth value effect" in 
negative sentences. In fact/ post-hoc analyses with Tukey's HSD P procedure 
showed that the simple effect of negation was significant in both true and 
false sentences. ' i ^ 



Takfen together, the pattern 'suggests a /very strong effect of sentence 

, " ,:. " ■' . . o • . ', '* ! ......... ' ' 

structure. This result alone -points to the possibility of a linguistic code 
in comprehending ASL sentences . ... The data may be tested against a general 
linguistic model under the criteria set up in the last experiment. To begin 
with , the four verification RT means, were plotted in Figure 2 in the order 
predicted by Carpenter and Just's (1975)" constituent comparison\ mc^l and . a 
trend analysis Was applied to search for a curve with the best goodness-of- 
fit. The results showed a very strong linear trend, F(1 ,42) s 30, p.< .01, 
which accounted for 84* of the variance. The trend analysis also showed that 
a departure from 1 iheaHty was not statistically significant^, F(2, 42) = 2.9, P> 
.10. Thus, the. results of the present experiment with signed sentences were 



consistent with a general linguistic model (Carpenter 4 Just, 1975; Catlin 4 

/ . * •• ' . ■ . •;. . 

Jones, 1976; Clark & Chase, 1972). 

— — - — « /•• 

'1. ■ /••••••' 

Insert Figure 2 about here "•• '/\ - 0 ;. 



Next, the reduced effect of the true- false factor plus the enhanced 
effect 'oV negation suggests a very different ratio of negation to 
falsification time as compared to that obtained in the last experiment, 
following the equations described in Experiment 2, the negation time and the 
falsification time came out to be' 263.5 msec and 79-5 msec, respectively. The 
resulting, NT/FT ratio is 3-314. very close to the^atio of 4 predicted by a 
linguistic coding model .(Carpenter 4 Just, 1975; Catlin 4 Jones, 1976; Shoben,^ 

1978). . ' ' ^1} 

But what of the other" linguistic effect, that of markedness? Table ||j 
displays the relevant data. As the figures in the second row indicate/ the V 
averaged verification RT is 1242 for the - above" sentences and 1317 for the 



..below" sentences. A dependent ; t test reveals that the difference !»• . 



significant; t(1U) = 2.14, P<. 05.* Again, this is consistent with a linguistic 
model. • * ~ ■ '.' * 



Insert Table 6 about here 



Putting all these pieces of evidence together, we can conclude that the 
code upon which subjects based their verification decisions in this experiment ; 
is linguistic in nature. It shows particular sensitivity to the : syntaotic| 
factor as well as to the effect of linguistic markedness. Therefore, deaf| 



subjects do have 'the linguistic coding strategy at- their disposal, but they 
simply do not spontaneously apply it to a reading task. The absence of a 
linguistic coding strategy when sentences are presented in print, suggests that 
^aj^iibje^slmay treat reading not as a linguistic activity but rather as a 
general 'problem-solving task. Hence, based upon the task demand (in this 
case, picture verification), they adopt a visual-imagery strategy which seems 
to meet the demand . T^e inverted U in Figure 1 and — the low NT/FT ratio 

observed in Experiment 2 give strong evidence for a visual- imagery code 

.• .... , . . 0 

(MaqLeod, et al. f 1978). Whether this explanation is correct remains to be 

tested in further studies. j - - ./- 

Fihally, the correlation between the verification RTs (collapsed over 
sentence types) in the present experiment and the letter-decoding RTs in the 
f i r st ex per iiSmtT^^snil Tao^calc ulatedT~The-r esul ting- correlation coefficient 
is .52 which is significant at the ;05 level with an n ; or only 15. This means 
that the mechanistic process involved in the letter, decoding task shares some 
common property with the decoding ., of signs in^the^comprehension of signed 

sentences. • • , \*v ..f'^V '.' 

General Discussion 

It has been consistently reported that deaf children have severe reading 

problems. The present study considered this problem from, an information 

■ ■ • - V ■ .... ' " '■ . ' " m < . ' ' >■." : . " ■ • / 

processing viewpoint. Using chronometric (RT) procedures, three experiments 

were conducted to examine various coding strategies that may be used bjPdeaf 

subjects in different linguistic activ i*ies . The rationale behind these 

experiments is that, -by discovering the similarities and differences in coding 

strategies between deaf and hearing subjects in v arious in formation processing 

tasks, ^we may be able to identify the basic reasons for deaf children 1 s 



subjects do have. the linguistic cod ing_ strategy at their disposal, but they 
simply do not spontaneously apply it to a reading task. The absence of a 
linguistic coding strategy when sentences are presented in print suggests that 
deaf subjects' say treat reading not si a linguistic activity but rather as a 



general problem- solving task; Hence, based upon the task demand (fn this 
case, picture verification), they adopt a visual- imagery strategy which seems 
to meet. the demand. The inverted U in Figure 1 and the low NT/ FT ratio 
obiierved in Experiment 2 give strong evidence for a visual-imagery code 
(MacLeod, f.t al., 1978). Whether this explanation is correct remains to be 
7 tested in further studies-.- - 



Finally, the correlation between the verification RTs (collapsed over 
sentence types) in the present experiment and the letter-decoding RTs in the 
first experiment was also calculated. The resulting correlation coefficient 
is .52 which is significant at the .05 level with an n_of only 15. This means 
that the mechanistic process involved in the letter decoding task shares some 

■ ■ • # 

common property with the decoding of signs in the comprehension of signed 
sentences,. , 

General Discussion 

It has been consistently reported that, deaf children have severe reading 
^problems. The present study considered this problem from an information 
processing viewpoint. Using chronometric (RT) procedures, three experiments 
were conducted to examine various coding strategies that may be used by deaf 
• subjects in different, linguistic activities. The rationale behind' these 
"experiments is that, by discovering the similarities and differences in coding 
strategies between deaf and hearing subjects in various information processing 
tasks , we lay be able to identify . the basic reasons for deaf children's 
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effect of linguistic mar kedness. \ */' , 

* Finally, letter decoding times correlate significantly with verification 
times for signed sentences but not with verification times for printed 
sentences. Two independent processes are implicated for letter "decoding and : 
for reading in deaf subjects. 

These results reveal a cogent point that should be a lesson to 
investigators of reading. -Presenting a printed sentence to subjects and 
asking them to -read" it does not necessarily mean that the resulting code 
must be in linguistic in nature. The data suggest that under different 
presenting modes deaf subjects employ different coding strategies to process 
sentences. In fact, their reading behavior exhibits a pattern which is 
consistent with that of deaf, subjects in other reading tasks reported in the 
literature. They tend to engage more in a means-end analysis which emphasizes 
the identification of words in the stimulus sentence (Liben . Howell . A 
Posnansky. 1973; Quigley, Wilbur, Power. Montanelli. i Steinkamp. 1976; Siple. 
Fischer V Bellugi. 1977). This type of problem-solving strategy is best 
exemplified by the results of ; Experiment 2 where a pattern of verification RTs, 
shows that subjects' sentence processing is guided by the subsequent picture ., 
instead of vice versa. . Such a problem-solving strategy requires conscious 
manipulation of information in active memory and appears to demand a-tention 
(Posner & Snyder. 1975) . On the . other hand . a highly overlearhed decoding 
process such as sign precept ion appears to require relatively little 
•attention . , In Experiment 3. the sentence was expressed in ASL morphemes which 
were presumably highly fsmiliar items; thus, word identification was automatic 
rand attention could be diverted, toward other aspects (e.g.. the syntactic 
structure) of the sentence. This distinction between the two kinds of 



effect of linguistic markedness. 

Finally, letter decoding times corrAate significantly with verification 
times for signed sentences but not/with verification times for printed 
sentences. Two independent processes are implicated for letter decoding and 
for reading in deaf subjects. .-.\ - 

These results reveal a cogent point that should be a lesson to 

investigators if reading. Presenting a printed sentence to subjects and 

- ». ■ « . • 

asking them to "read" it does not necessarily mean that the resulting code 

: ' . • Ci ; :V.. . ; ' 

must be in linguistic in nature. The data suggest that under different 
presenting modes deaf subjects 7 employ different coding strategies to process 
sentences.. In fact* their reading behavior exhibits a pattern which is 
consistent with that of deaf subjects in other reading tasks reported in the 
literature. They tend to engage more in a means-end analysis' which emphasizes 
the identification of words in the stimulus sentence (Liberi, Noweir, & 
Posnansky, 1978; Quigleyi Wilbur, Power, Montanelli, & Steinkamp, 1976; Si pie, 
Fischer 4 Bellugi, j 1977) . This type of problem-solving strategy is best 
exemplified by the results of * Experiment 2 where a pattern of verificati/on RTs 
shows that subjects 1 sentence processing i* guided by the subsequent picture , 
instead of vice versa. Such a problem-solving strategy requires conscious 
manipulation of information in active memory and appears to demfend attention 
( Posner & Snyder , 1975) • On the other hand , a highly overlearned decoding 

process such as sign preception appears to require relatively * little 

- : i- ".v->V ; ;v-: : : '-s-<>: ■ ■ : ' , 

attention. In Experiment 3, the sentence was expressed in ASL morphemes which 

were presumably highly familiar items; thus, word identification was automatic 

and attention could be diverted toward other aspects (e.gv* the syntactic 

structure) of the sentence. This distinction between the two kinds of/ 



feeling of the orthographic and syntactic structure of English writing, they 
will have difficulty in deciphering the grapheme-meaning relationship. The 
inability to achieve- automaticity in ; decoding the graphemic-meanirag 
relationship is a common phenomenon observed in second-language learning 
(Dornic % 1979). Such a second-language hypothesis is consistent with the 
hypothesis of other researchers (Charrow 4 Fletcher f 197**; Stokoe, 1975) that 
preiingual/deaf .children "learn English as a second language. 

When deaf subjects start to learn to read English, they are confronting^ 
totally new set of linguistic rules. Net only is the language itself a 

different one, but al si the alphabetic principle embedded in the printed array 

" .: '' ": ' \ *,:': : f~--r '* • v. ' ■'• 

is a rather peculiar one. It has been shown that the grapheme-meaning 

relationship irt English script is morpho phonemic in nature and requires a high 

■ \ f „1 ■ -•■ — _ 

level of linguistic awareness for its mastery (Gleitman i RozinV 1977) . Even 

for a normal hearing child, such an abstract relationship is difficult to 
assimilate. But, in addition, deaf children do not have the phonological 

- " ""' "":X ] ''''' 1: ^^7- r V- "* : ' / '■' 

repertoire upon which English orthography is based. It is not difficult to 
appreciate deaf "children's tremendous difficulty in learning to read English, 
^-"if we accept the conceptualization that learning to read English is a 
.novel experience for deaf children . then it may be expected that many of their 
reading problems should > parallel those of the bilingual with his less 
competent language. For example , as in the I results of Experiment 1 , a 
bilingual 0 subject is usually slower in enco'ding' and decoding his subordinate 
language. Dornic (1979), after reviewing most of the bilingual processing 
literature in a variety of language combinations such as Swedish-English, 
Swedish-German, French-English," Czech-German, Finnish-Swedish, English-German, 
etc.. concludes that for some reason a bilingual subject is unable to apply 



' !the^utomatip«nbpding and-deeo developed for his 

dominant language to the reading of his less competent language, from the 
(esulto of the present three experimenWV it is clear that deaf subjects are 
unable / to apply their existing linguistic coding strategies; and their 
automatic decoding skills to comprehend a printed English sentence. 
I in conclusion, based upon resufts of the present three experiments and pf . 

" other-: -atudies on deaf* children's reading ability." if- is clear that deaf 
:chiidren>ii,deed^ W great difficulty in reading Er^ish. Several major 
learning difficulties can be identified. 

First, the grapheme-meaning relationship that characterizes the English 
alphabetic script is morphophonemic in nature. It . is difficult for deaf 
'subjects, who are used to the morphene-based representation of ASL signs, to: 
', T 7 " grasp "such a !morphoph6n.. 3 lc representation^ Ever, a norm^f ^eir^g child 

be able to take advantage of ^e~^r!hogr^phic regularities in the printed 

arrays in order to become a gook reader (Lsaro, 1975). Gibson, Shur cliff. 

and Yon; s (1970) have demonstrated that deaf children are also sensitive \to 
the orthographic regularities ojf English words in their reading performance. 
Since deaf children do & have the phonological ; str uc tore upon which the 
orthographic regularities are built, the question of how to help them tc 
acquire the ^higher level of linguistic awareness toward the English script 
/ should be a c*ll%nge, for further research. " Current research on the 

relationshipVbetween oeta-cognitive ability and reading performance (Flavell 4 
f wellnian. 1977) should yield important information to help us, meet that 

. challenge. --- , . v '■£^J< : 

Second, lack of linguistic awareness toward English prevents deaf 

subjects from developing automaticity in ^ 
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In consequence,, they do not apply their existing linguistic cod ing • strategy to 
process 'English* Thus, it is not the eye which is not adapted r to linguistic 
information ; rather , it is a problem of dealing with a novel orthography 
without appropriate linguistic skills. Since deaf subjects do not process 
printed .sentences in a linguistic ."code* they concentrate on lpwer- level, 
processing such as ^^rdV identification which - demands a great' deal of 
-attention r :: Hen^ 

Such a problem-solving strategy is also very much task dependent. Therefore^ 
many of the inconsistent reports with respect to deaf subjects' reading 
strategies may be resolved by task analysis.: > c * 

Finally ar^d not unrelated to the last point t the concept of automaticity 
in reading implies a hiprarcriical system of semantic f syntactic , and 
egceptual^ontrals^^ 
another. . The purpose of instruction is then to practice at the lower. levels 



comprehending the 
some good readers 
t i m es lint i 1 the y 



until . they function automatically. \ Thus , deafNchildren can use the method of 
repeated reading of a story to progress at each reading from ^1) identifying 
printed words to (2) getting the meaning of tjie words to (3) 

■ ': ; ' \ ■ '": r ' : V : 

story. This method is simply to Have deaf children do what 
did as beginners': read and reread \the same story many 



achieved automatic processing of - words* so that they could focus attention on 
comprehension. Alternatively* we can hive deaf children read materials which 
are interesting \ buy T«pe ti tious , particularly in vocabulary (linger i 1976 ) . 
According to Singer (1976).. automatic. recognition of words, particularly 
function words (conjunctions, and prepositions which t^e together tht cbntent 
words such as • nouns t - adjectives, verbs, and adverbs) , is p*ost likely to 
develop from repeated Reading, from reading series books, or from a large 



amount;cfYe^ing of relatively easy ^ooks. " Once the^,chanistic : pfo^sse^ of 
lower Uvei processing becc^e automatic, deaf children may be able to pay more 
attention: to hiaherllevel ^ 



base from a given text and pakir/g inferences beyond the information ^giv en. 
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TABLE 1 



Xean RTs (mill i seconds jj for NI and PI conditions across sam^-difference 
responses in Experiment 1 ' . . 









1 ; 


Response 

.V 


■ PI Condition 


N I Condition 


Mean' 


Same 


' 688 


797 ■)"''' ■' ■ 


742 : - . ' ' - 


Difference 


• • " \j . ; ' . ... . ■ ■ . ■ 

820 


866 


843%^ 


Mean 


754 ;. 


1532 


792 
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TABLE 2 



Mean RTs in NI^ and £l conditions for deaf Subjects 1ri Experiment 1 as* 
compared to mean RTs for normal hearing subjects in the same conditions? 



Subjects 



N I Condition 



PI Condition NI-P1 



Deaf ■ 
Hearing 

Net RT difference 



797 



609 



188 



688 
533 
155 



109 

76 ; 
33 



@ Data for hearing subjects were collected by Hunt et al. (1975). 
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TABLE 3 



• ' ■ • * i I ." 

The sentence-picture stimulus pairs as a function of trial type, 
hypothetical representation, and number of constituent comparisons 



Trial 
Type 



-SENTENCE.. 



NUMBER OT 

PICTURE/. sSlATlON REPRESENTATION c^PARISON^ 



SENTENCE 



PICTURE 



TA 
FA 
TN 
-FN 



STAR IS ABOVE PLUS 
PLUS IS BELOW STAR 

PLUS IS ABOVE STAR 
STAR IS BELOW PLUS 



■ m 

! 

I + 



7 



PLUS IS NOT ABOVE STAR * 

STAR IS NOT_BELOW PLUS + 

STAR IS NOT ABOVE PLUS * 

PLUS IS NOT BELOW /STAR + 



[APF (STAR , TOP) ] CSTAR.TOP) 

[AFF (PLUS, TOP)] • (STAR.TOP) 

[NEC ( AFF (PLUS.TO?) ) ] (STAR.TOP) 

[NEC (AFF (STAR,TOP) ) ] (STAR,TOP) 



K 

K + 1 
K + 5 



K+ A 




Mean verification RTs as a function of trial type for "20 subjects 
in Experinent 2 



Response , Affiroative Negative Mean RT 

True 1072 1323 1197 

False 1395 1435 1414 

/ : _— — — — — ■ • 

Mean RT i 1233 <■ 1379 1306 



i ■ 
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TABLE S 



Mean verification RTs as, a function of trial type sentence for 15 
subjects in Experiment 3 



Response Affirmative 



Negative 



Mean RT 



True 



1066.8 



-1409.6 



1238.2 



False 



1255.467 



1439.8 



1347.63 



Mean RT 



1161.13 



1424.7 



..1492.56 



V 



■t 



/ 



1.18 



109 



"' ' TABLE '6 — ~ - — -— \ ■ . : /.: ^ 

• . • ■ ■ • ■■■■ . : . . ■■. . • \ • ;.. • ■ / ■ 

Mean RTs for Unguis tidy narked proposition "BELOW? and unmarked 
proposition "ABOVE" acrossing two experimental manipulations@ / •* • ? 





BELOW 


ABOVE 


. DIFFERENCE 


w Printed sentence 


1296 


.3323 


.si ..... r -;.. ,., ' ■ 
. ' •• . i ■ 
-27 


Signed sentence > ' 


1317 . 


1242 





6 In Experinant 2, the sentence is presented by printed English words. 
In Experiment 3, the sane sentence is presented by ASL with each 
-sign corresponding to each English word. 
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A Critical Evaluation of the Horse-Racing 



Mode 1 of Sk 11 led Reading 
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Abstract 



X 



■V-In the past, experiements with words presented in the- format of mixing 
V upper- and; lower-case letters has heen benducted to gather ^vidence for 
\ -visual" reading" ' in skilled readers. He critically examined the 
conceptual izatidn behind these experiments. Two new experiments were 

'^^P^:-#shot^ less skilled refers in fact suffer^ more than 

distorted t/y mixing upper- end 1 owar-case 1 etters. . , ; • ^ 
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i ' Wi-W lately U the speed for m a Mn 3 / a loxlca! decision ^ 
upon seeing a briefly presented «rd are high! y correlated with reading » 
coMprehision scores' (Ad»s, 1979; Frederic. 1978).,1t 1s nature, that 
one' of the. major concern: in reading research has been the a«ompt to . 
delineate differences between good and less skilled readers with respect • 
to their ability to decode a printed word. !t is expected that "dels of;, ; 
basic' reading" process should be able to account for the difference in the 
word recognition ability between good and less skilled readers. ■ . ^ -W : 

Preoccupied with the concepts of speed and efficiency, many reading 
m0 dels of information processing postulate at least two different 
pathways Unking the printed array and its lexical entry. One such 
pathway is phoholofical and . requires a process of grapheme-phoneme 
conversion called speech receding. The other, pathway represents 
-visual route", and implicit in the concept of the visual route is the 
notion^that some sort of. Internal visual representation mediates, between 
a wrd^ pH^a form and its semantic representation (McCusker, 
HiiUnger t Bias, 1981). It is further assumed that the visual and the 
phonological pathways in most cases proceed In parallel but that the 
foraer usually reaches the lexical entry much faster than the latter 
(Meyer 1 , Schvaneveldt & Ruddy, 1974). . . ■ : ; 
■■ ' in recent years, such a dual access model of reading has gained more 
' and. more' acceptance (McCusker et al ., 1981). It is time to examine its 
' .bHity of handling findings from: experiments . concerning word. 
•W-recognition. First, how does it explain the speed difference between 
good and less skilled readers? According to this .model, the phonological 
• Ipihway: may be important forithe less 

in read-in? speed by isood readers might ; well reflect a "bypass" f f 



phonological recoding in favor of visually mediated access. The reason 
is, "Specifically, with increased" practice, the -ize of the pool of 
visually accessible lexical entries would increase, with a concomitant 
increase in reading speed."- (McCusker et al ., 1981, p. 235). Second, how 
does it account for the speed difference in the recognition. of high and 
low frequency words? The model assumes the existence of a pool of high- 
frequency words that may be accessed rapidly via a visual representation; 
all other words, having no such visual representation, would by default 
be accessed by the slower^ phonological recoding procedure. On the 
surface, these accounts seem to handle the data- beautifully and with 
compact logic, A moment 1 s reflection, however, suggests otherwise. 

As mentioned above, the idea of bypassing a phonological pathway has 
been^ entertained by many \featf1hg .models, including the currently most 

• ' ' ■ ■; 'i ■ ' ' - ' ,>■'.; ' ' ■ ■■■ • - > 

popular dual -access model. }. Inherent in all these models is the 
assumption that some visual configuration information provides an 
^alternative route for the good readers to go directly from print to the 
'lexical entry. Wtoat is the -nature of ' such visual configuration 
information? Some theorists characterize it as multi-letter visual 
features such as word shapes (Fisher , 1975; Rumel hart & Si pi e, 1972) or 
some types of familiar letter groups that | are critical for whol e word 
recognition without their constituent 1 eUefs being identified (Baron & 
Strawson , 1976; Bauer & Stanovich, 1980). To demonstrate the exi stence 
ftf such visuaj configuration information, these* investigators have 
.employed the- technique of presenting words arranged in alternating upper- 
and/ lower-case letter combinati ns. - The purpose of mixing cases is to 
prevent readers from extracting the overall visual configuration 
information that is, cri tical for whole word' recognition i Resul ts from 



. most such studies, except tho7e by Smith and his associates (Smith, 1969; 
v smith. Lott & Crohnell, 1969), have supported the availability ojF^thjj 
visual configuration information by showing a large, impairment of word 
recognition in mixed-case experiments (Coltheart & Freeman, 1974; 
DrewnOwski & Heal y, 1977;' Mason, 1978; McClelland, 1976). 

Whjlet.the experimental, evidence for the visual configuration 
information is undeni ably convincing , the proposal that such information 
is available only for mature and good readers and only in high-frequency 
words has not been empi ri cal ly verified. It has been taken for granted 
that the efficiency of such word-level visual configuration information 
. is above and beyond the phonological pathway and is only a privilege of 
the good readers . In fact , there are experimental- resul ts which are ; at 
odds with such a conceptualization. We can also raise counter- arguments 
• against this conceptualization based upon the data from beginning 
. readers. For example,- Shimron and Nayon' (1S82) found that both- children 
and adults were unable to resist grapheme-to-phoneme translation, that 
both children and adults benefitted from redundant infor-mation in„their 
: r : normal reading , and that chil dren but: not adults were sensitive to minor 
changes in . graphemes which • still preserved phoneme values. Thus, the- 
argument^hat onl^good readers are sensitive to the visual: pathway is/ 
certainly without much experimental support. But let us first take a 
look at results from experiments which directly manipul ated the goodness 
■\:- of the printed arrays. • - 

; .j "• Suppose that good and less skilled readers are presented with words 
' oV ! Alternating ca 

. of a^ual-access ^ be straigSforward. ^ 

\: typical hypothesis had been advanced by Mason (1978) as follows: K Si nee 
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mixed case serves to destroy any overall visual features a word 'may 

possess ; one could, expect highly-skilled readers to be more disrupted by 

mixed case than less skilled readers, if highly skilled readers recognize 

words as wholes, whereas less skilled readers process individual . 

letters." (p. 569). Mason" ran a study to test this hypothesis but the 

results seemed to suggest the opposite: It was the less skilled readers , 

who were the most disadvantaged with mixed cases . Confronted by^ucji^ 

results, Mason had to conclude _ti*at less skilled readers were alsb us^ ^ 

visual configuration cues, but such information was- a poor due 1 fo|^ 
■ . ■ : : • ' • „• . -:, - .•: h • in- 

accurate word recognition. The results and the inevitable conclusion .in 

Mason's experiment present two important anomalies to the dual -access 

model mentioned above.. Jirst, the visual configuration information is 

not a privilege of the good readers. Second, it is not a strong cue for 

word recognition. What," then, is wrong with our conceptualization about 

basic reading processes? 

There is an alternative interpretation for Mason's, results, but that 
interpretation requires a different conceptual izat'ion^of how various cues 
are put together to accomplish the recognition tasiu. Again, let us 
postpone this description until we are sure about the replicability of 
Mason's resul ts. There were only 12 good^ readers and 12 1 ess skill edj 
readers in her experiment. He, dec ided^o increase the sample size if? 
each group . In the foil owing experiment, good and 1 ess skill ed readers 
^re presented with 50 high- and 50 low-frequency words and were asked t^o 
nie each presented word as soon as possibl e. Hal f of the words were 
presented in all lower-case letters and the other half were in mixed 
peases. The dual -access model predicts more disruption tor good readers 
in the mixed case condition than for:less skilted_reeders;; Mason' s\ 
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results, if replicated, would require an alternative conceptualization. 

Experiment 1 

Method • • ' \ : 

Subjects . With the help of the Study Center at the University of 
•California, Riverside, and of the Systemwise Project of Learning from 
Text^ some. 400 freshmen were ' administered the STEP II Reading test - 
designed , for use at the college level , From these W students, 21 good 
readers and 21 less skilled readers were selected based upon their test 
scores. The good, readers were selected from those who scored above the' 
90th percentile whereas the less skilled readers were selected from those 
scoring below the 40th percentile. These subjects were paid for their 

-v - ■ , •'• : , ., '• . ... - •.. ■' 
participation in the study. 

- Words used in this study were selected 

from 0 norms of Vavio, Yuille, \ and Madigan (1968). Fifty high- ; 
frequency (A or M j and 50 1 ow-frequehcy (0-5) words were selected with 
^e/following constraints: (a) Homophones were excluded, and (b), high \ 
and low frequency words were matched for concreteness (mean = 6.1). word 
/length (mean - 6.6). and number of syllables (mean - 2.1). A lower-case 
' : and a mixed-case version of each word were typed on Mylar P 1 astic and ' 
mounted on slides. For words presented 1n mixed cases.. the. letter 
combinations always started with lower case and then alternated between 
upper- and lower-case. The words were presented one at a time via a 

Kodak Carouiel slide projector. A directional microphone and a 

operated Hunter; relay indicator, with sensitivity set at the maximum.' 
• possible were used in conjunction with the projector equipped with, a 
Lafayette tachistoscope shutter, and a Lafayette digital clock. The 



clock was activated when the shutter opened to display a slide. Elapsed 
time was recorded in milliseconds until the subject's initial 
vocalization, which terminated both the slide display and the clock- ; H 

Procedure . ~ : The subj ects were tested individually and were told that 
they would see .only, words. They were informed about the nature of 
mixed-case words end ? were shown exampl es before the experimental trials 
began They were asked to name each presented word as quickly and as 
accurately as possible. • - \C:,'k-.; 'Y.M 



Results and Discussion 

•;. The overall error rates were 059 for the .good readers and .075 for : 
the less skilled readers. Only the" correct naming times were used to 
estimate the mean . naming latencies : of each subject under the four 
conditions (i.e., 2. levels of word frequency by 2 types of stimuli). The 
results of both skilled and less skil 1 led readers are summarized 1*. Table 
1. Statistical ANOVA for a 2x2x2 (Readers by Frequency by Ca*e) 
factorial design with first factor as a between-subject variable and the 
last two- as within- subject factors was performed on the latency data. 
The results showed significant main effects of reading skill, F(l,40) - 
55.W MSE- -26395.34, of frequency [F( 1,40) « 82.39, USE * 3237.143, and/ 
' of case £F(1,40) -208.87, MSE -678.093. There is also a significant 
interaction effect, between reading ski 11 and word frequency, f (1.40) 
18.92, MSE - 3237.14,' suggesting that less skilled readers are much more 
sensitive to the frequency effect. The interaction effects between 
reading skill and typecase as well as between frequency and typecase are 
both significant, F(l, 40) -31,42, MSEv - 678.09^ and F(l»40) !? -^13.65. 
I«E - i56i88, respectively v The th^ee-way ^Ihteractipn i s not 



renins skill Interacts with case distortion and how frequency interacts 
with- case distortion. ' ■ / 



Insert Table 1 about here 



Sinter were interested in the magnitude of disruption due, to 
alternating cases, the important measure to be examined was the time 
difference between naming the lower-case words and the mixed-case words. 
The mean differences of naming times for the good and less skilled 
readers are presented in Figure 1 as a function of the word frequency. 

Insert. Figure 1 about here 



' to* let us «rtnt the results as depicted in Figure V with aspect, 
to several major questions of interest. ■ 

First, did subjects suffer fro* mixing cases? The answer is yes and 
for all subjects, including th| W skilled readers. Second 
dreaders show more disruption than the less skilled readers? Not at all 
and the picture is just opposite to the prediction from, the dual-access 
„odeV as Ascribed above. In fact, less skill readers show more 
disruption due to visual distortion than the skilled readers. In 
' essence, we replicated Hason's (1978) findings. Finally .did high 
frequency words have more disruption than low frequency words? Again, 
the answer is negative.- Now 1 et us focus only on the data of skilled 

^ readers naming high frequency '^k>^^-^^^^.'^^ 
olstortion ofMuaT cues should have the most devastating effect on this 
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condition. On the contrary, the data suggest that skilled readers do not 
seem to be bothetod by mixing cases when the to-be- named word is a high 
frequency word. 

In sum, the predictions generated from the dual -access model are not 
supported . A ski 1 Ted , manure reader does not opt for the V~i sua V pathway 
as the sole source in ordeXo be a faster reader. Rather, it is the 
less ^skUied readers wW seem to have no choice other than adopting a 
visual configuration cue which is just, not good enough for fast and 
accurate word recognition. >/ \. 

What went wrong with the dual access model of word perception? We 
think there are two erroneous assumptions that have ^een made in the 
model. First, .it is not true that visual configuration information by 
itself can be a very effective cue. This can be seen in Groff's (1975) 
analysis of words found in school books which shows that less than 20% of 
thl words found can be represented by a unique shape; consequently, the 
visual configuration information cannot be a useful cue. Second, it 1s. 
doubtful ' that skiUer and mature reader^ have ever bypassed the process 

*of1^ 

utilize ^ 

the script-speech inappi ng represents .a morphophonen# relation (Hung A 

' the printed word into its phonological representation, he/she must have 
developed some kind of -linguistic awareness" concerning the spoken 



orthography (sea Fowler, 1981, for a detailed discussion on these 
concepts and their supporting evidence). Liberman, Liberman, Matting! y & 
Shankweiler (1980) have argued that these two special demands may 
account, on the one hand, for the elusiveness of the alphabetical 
principle In the history of writing systems and, on the -other hand, for 
the frequent failure of learning to read among children. 

When less- skilled readers are unable to effectively utilize the 
phonological pathway, they can rely only on visual information such as 
shapes, certain idiosyncratic configurational cues (e.g.. dog has a tail 
"g" at the end), or ', soma -familiar letter groups. For less skilled 
readers, any of these different types of visual information may be used 
to serve, as memorial cues for word meanings and pronunciations (by rote 
memory, of course). Mixed-case presentation impedes the extraction of 
these visual features and thus results in severe disruption for the less 
skilled, readers. In contrast, for good readers, the visual information 
is used as .an additional cue to the already available phonological , 
semantic, syntactic, and other word-related information; thus, blocking 
the visual pathway would not result in any serious damage. 

The above interpretation is largely based upon the assumption that 
there is differentiated and redundant information Inherent in the printed 
words and that this information is only available to the good readers. If 
this account 1s a correct one, then we should predict- that good readers 
will suffer more disruption when some of the redundant information Is 
removed. The next experiment was conducted to test thi s prediction. 

' Experiment 2 ■ 

I n this; experiment the attempt was made to remove some redundant 
' information from V the printed ' word wiiich was again presented In 



alternating cases. Results from, the last experiment showed that good 
readers , «ere only mil dl y d i srupted by mi xi ng cases v/hji e 1 ess ski 1 1 ed 



readers were severely disrupted. We have taken .these data to suggest 
thatgood readers are able totakgthe advantage of reddndant information 
in the word whereas such information is not available to the'less skilled 
readers. Our 'experimental strategy is to remove such redundancy and our 
expectation is that good readers-should show more disruption due to the 
absence of : the redundant i/fonnat ion. The redundant information to be 
removed in this case is the spell ing-to-sound, regularity. Results from 
previous studies have demonstrated a facilitating effect of the 
spelling-to-sound regularity in tasks such as naming (Baron & Strawson, 
1 97 6; Gl ushkq, 1979; Gough & Cosky, 1977) as .well as lexical decisions 
(Bauer & Stanovich, 198Ch, Barron. 1979; Stanovich & Bauer,. 1978) . If . we 



disrupt the printed array such that th*. distortion prevents skilled 
readers from quickly extracting the phonologiial information, then the 
facilitating effect observed in those previous studies should diminish or 
at least be reduced. We can achieve |he visual distortion by alternating 
letter cales during word presentation'^ in the last experiment. The 
question'is how can we measure the effect of removing the regularity 
caused by mixing cases. We cannot simply look at the RT difference 
batween namings of 1 ower-case and mixed-case words. We need a control 
conation which we can use to /gauge the magnitude of the effect of 
removing the spell ing-lio-sound regularity. „ ' ' 
^ iif0J^i^^$^ included another list 
irregular speiling-tq-sound mappings.. Reaction times for naming these 
words under both lower and mixed-case conditions were also measured an? 
their differencewac taken to set the baseline. Since irregular words can 



only be named based upon orthographic information, disruption caused by 
mixing cases can only be attributed to orthographic disruption. On the ' 
other hand, for regular-spell ing~words, mixing; cases results in . both 
orthographic and phonological disruption. Consequently, we should 
observe more disruption W( ith regular-spelling words than with irregular, 
spelling words' with re>pect to the effect of mixing cases on a naming 
task/' Furthermore, this argument should apply only to skilled readers. 
Fcr less skilled readers, the issue of phonological redundancy may apply ' 
- to only'a very small proportion of words. .Thus, we should expect these - 

readers to show quite 3 different pattern. 

In Mason's. (1978) experiments, ooth rec,. ari: r*»ad uvj ability 

were varied but the expected ^tera&ion was not obtained. The/null 
■finding seems to question s our interpretation. How* ,er, as c^rntTy 

pointed out by Bauer and. Stanovich (1980),- several ^methodological 

weaknesses in Mason's study make it difficult to accept her results as 
' concluding evidence. For example," exception and regular words were 

blocked' in -Mason' s expert 

that skilled* readers woUld be able to adopt an orthq^aiMc reading, even 
for regular words. Also, Mason's experiment used Baron and Strawson's 

• (1976) stimuli which were imbalance^ with respect to word frequency 
(favoring exception words); These and other difficulties ^ (see Bauer £ 
Stanovich, iWif.jf render . Mason's. results V inconclusive. .In .this 
• experiment, we^ words used ^ by Bauer and Stanovich ^198Q) ;: ;to 
demonstrate ; a : regul arity effect. . We also presented >rdV randomly 

./ Without separatei/^ exception and.regulaj words 1n groups. 



Method - ■•■v--v / - : >-''.-V ^ >•.'•/• . y.-":?'.:. ' ; jy ' - :ViS , ;. v y 

Subjects. Twenty skilled and 20 less skilled rovers were selected - 
: from the same subject source as Experiment 1. None of /them Participated 
i„ the first exoeri^ 

from Set A of Bauer and Stanovich's (1980) experimental words (listed in 
- Appendix C on p. 431) . The regul ar and exception words were matched ' on 
. word length and word frequency (mean frequencies of 64.5 and 64.6. 
> - respectively according to the norms of Kucer* and Francis, ,1967). 
: LoWScase^ 

mo unted on 2x2 (inch) slide frames. In the mixed-case condition, the 
first letter of cacn word was always in lower case and subsequent letters 
: ,n the word were- in alternating cases. * If one subject had a particular 
«ord in lower case, the next subject would receive the same word ,n 
alternating cases. The apparatus; - for stimulus prestation and ^ for 
recording naming times w,re the same as in the last experiment. , ■; 

Procedure . Ml subjects were run individually. The Instructions 
for the practice ^ trials .hd the:experiment.l trials were the same^as in 

\ the last experiment/ 'it^^^^X^M^^^. 
'WiM out were hot informed about /^ 

stimulus words. ■"•.*..■ - y" y* 



Results end Discussion 

irregular words for the lower and mixed.c.ses. These data are presented 
in Table 2. Statistical analyses similar to those in Experiment ! reveal 
significant main effects of reading skill' MlMY • 29.08. nSE - 

iii ■ &m&m Pi ■ i 133 ■ illy . 5 a m 



35213.0a regularity [F(l,38) = 14.97. USE - 4768.98], sod typecaso 
[F(l,3a) -91^69, MSE = 1130,25]. There is also a significant interaction 
effecVbetweenxeading skill and typecase, F(l,38) ° 6 . 59 , MSE ? ^139 ,25. 
No other interaction effects. are significant. . ; '.'J 
* • for each subjecj: t^ between naming a lower-case 

A*ord. and ;a mixed-case word was also calculated. Mean time differences 

of heading ability. Let us examine these time differences Wi th respect 



to our specific hypotheses. 

- Insert Table 2 and figure 2 aboit here 



- With respect co the disruption caused by mixing the letters, do the 
good readers show a 'greater magmtude than the less skilled readers? The \ 
answer is no and this is consistent with the observation made in the last 
experiment. Jhe significant . interaction between Case Type and'Readiwg 
Ability substantiates our position that it is the less skilled readers 
who suffer most from the type script distortion. For good readers", the 
distortion also slowed down their naming time, but to a much smaller 

degree*. . j - * '. . ' , 

•Wi^ spell ing-to-sound regularity, we found 

that both good and less skilled, readers ^ were slower in naming the 

( irregular words. Thus, we have extended Bauer and v Stanovich's (1980) 

" regularity effect on the lexical decision task to the naming task. It 

also suggests that Mason's £1978)' failure | obtain such an effea may be 

indeed due to the fact that her regular words were contaminated by those 

" which have ^consist -neighbors" (e.g., The word CAVE may . activate its 



^^m ' S^ to "e . -irrigular '%<!• ' For *WI.W;. 

arg\|ine(its : ; 

- • Kow we come to tHe" critical test; Did regular , .word? suffer a 
double-disruption fro* mixed-case presentation (b6th orthographic \ 
familiarity and -vocalic center pattern were destroyed) only for good 

-TeadersV Althpugh the expected three-way interaction did not turn. out to ? 
be sign^ant, the results as depicted in Figure 2 ^ are certainly .very. 

words as chared to the . irregular words, whereas for -less skilled : 
readers we \ee a completely opposite pattern It would be difficult to | 
explain the good reader '^result in terms of a . dual-access . model. This | 
■ model would . assert. thaV the; visual roule isthe only *ay to read the V. 
"irregular Irdli end consequently; disrupting the visual* configuration | 
; should, produce the utmost d^age? Our data ar^ certainly ;ihcdn S istent | 
wfth this prediction. Infact, this prediction is ironically conffnned |j| 
^ data from less silled readers -ather than from those of good readers. ||1 
m0 re plausible explanation; for all these results is based upon the 
concept of deactivation of various retrieval cues embedded in a printed^ 
■ . nrt. According to this' view, performance of word perception 

facilitated^ there are redundant cues (orthographic familiarity.' ; 
'vocalic center, word-length, letter position. etcV). which retrieve sub-- 
word schemata to contribute to a co^on pool of activation that initiates' 
a W!, recognition response. : The fact that our less skilled ,read|rs| 
did not show a double-disruption in the mixed-t^e presentation 1tr naming- 
' ^in n «.tn.sound words strongly suggests that,: phonological 2; 



* One q&jstioh ranai ns tb%e answered : Hhy was there a regularity 
effect 'for the lfej ski iVed readers? There are at least two possible - 
answers. First; at though" our less skilled readers were unable to 
effectiv^x ; ^-^ t-c phonological pathway, they were nevertheless, on their *_ 
^^#4*^ Second, the observed regularity effect 

may be purely due to orthographic famil iarity. That is, exceptional . 
vrards nieaW less occurrence with respect to a certain visual pattern. So 
the advantage may be Accounted for by frequency par se rather than by 
less skilled reaWs:' knowledge of phonological regularity. At this 

.. •• . v. . ' . . • • '•• ' 

momentV weVprefef this last interpretation. 

" • General Discussion . ' , 



.The processes printed words has been 

a key i ssue of experimental research in reading for at least 100 years. 
However, only recently have detailed model s been worked out to rel ate 
some of their underlying mechanisms to the' level of reading ability. 
Current reading models which incorporate' the information processing 
approach have adopted a dual -access model to explain the results of 
different speeds in word naming and lexical decision between good and 
less skilled readers. In such a. model, it is hypothesized that two 
separate pathways lead to t^ lexicon^. One is accessed via a visual code 
while ^ 

pathway usually being the faster, of the two (Bauer & Stanovich, 1980, pv. 
: 427 ^ -V '%i ricCS-Spbcl ; /; read er s :; ■ : ' : are much faster in decoding words, it seems 
reasonable to cbnclude that, they are visual readers in the sense that 
they route whereas less skilled readers 

can only rely on the slower phonological pathway. Simil arly, the robust 
effect of word frequency on word perception is attributed to the 



mm. 



activation of the visuel ; pathway by the high frequency words. ; ■ 
while on the surface this account of individual differences in 
reading ability seems to be logically sound, further tests of hypotheses 
generated from the model yielded" experimental results in a .totally, • 
opposite direction. In fact, results from our two experiments with words 
presented .in al ternating cases strongly suggest that it is the less • 
skilled readers, rather than the good readers, who are the Visual refers ; .„ 
and it is the low frequency words, rather than the high.fre^ency words,. , 
which are.more vulnerable to the distortion of visual configuration (this 
is especially true for the less skilled readers). ! '•, 
It is time fo s% usAoi critically evaluate the basic assumptions 
Underlying the conceptualization of the information processing model; of 
reading, and the dua^acc^ss model in particular. These models are not at . 
all unsophisticated and formulations of their various components are 
usually more than elegant. Why. then, are" hypotheses generated from them 
' ' so easi ly refuted by results from these very simple experiments of word 
perception. He -t,hink the most erroneous assumption made by the dual- 
access model is that' the phonological pathway is readily available to 
both good and less skilled readers ! In fact, we found only good readers 
able to utilize ther phonological route as a backup system when the visual 
ntft* had been blocked by mixed-case distortion. Recently, Katz and his 
student (personal communication) obtained experimental results consistent 
with our:findings reported here. Theoretically speakings in order to be 
able to -utilize the phonological pa^way made possible by|an alphabetic 
' writing sysi;«n, a reader has to extra^ the grapheme-phoneW conversion 
rules embedded in that particular Orthography. Mattingly (1979) and 
Liberinan et al. 0 have gathered much\evidence to show that skilled 



readers differ strikingly both from illiterate adults (Morals, Cary, 
Alegria, & Bertelson, 1979) and from prereading children (e.g., liberman, 
Shankweiler, Fischer, 4 Carter, 1974), along the dimension of linguistic 
awareness and of phonological maturity. Thus ; it may • be overly 
presumptuous to assume the readiness of the phonological route simply 
because every child seems to easily acquire the spoken language. Between 
script -and speech, there is a gigantic gap to be crossed over.. For many y 
children and adults, this may not be as eiisy as it seems. 

The second erroneous assumption made by the dual -access model is 
that good readers somehow bypass the phonological route and opt for the 
visual -route. No doubt, visual configuration, familiar letter groups * 
word length, letter positions , and sequential redundancies , all serve as 
important clues to activate the "logogen" of' a v/nrd (Morton, 1969). 
However, when the presented letter string has a*regular grapheme-phoneme • 
relationship/ why the reader would want to avoid using this readily 
available information and thus bypass the phonological route is certainly 
a mystery. In recent years, information processing models also introduce 
the concept of automaticity (LaBerge and Samuels, 1974) to describe the 
speeding-up of many subskil Is, '(including letter-sound conversion) in word 
decoding by fluent readers. But if automaticity means no loss of-;, 
processing capacity and no consumption of processing energy, then why is 

there any need for bypassing? ; . 

He propose that the difference between good and 'less skilled, reaj^ 
is that for the former there is a great deal of redundant information 
.. inherent in a printed word that is readily at their disposal and that 
thi s redundancy makes them less vulnerable to distortions in a presented 
letter string. For the poor readers, the lack of know! edge about the 



grapheme-phoneme conversion rules prevents them from the efficient us<| of 
the phonological pathway. Jhfey are then forced to .adopt a Hsual reading 
strategy which "is useful only when reading ii limited to a/very small! set 
of words. As the number of wtrds to be learned increases, confusions 



among word s with respect to 



their visual configurations begin to set in 
and the visual reading strategy becomes the locus/of the reading problem 
for these" children. Thus, for most of these 7 ! ess skilled readers, the 
underlying reason for their/inability to become efficient readers 1 ies in 
their inability to make connections between script and speech in order to 
utilize the phonological pathway. If/ a once skilled reader jsuffers 
cerebral damage whi.c'h prevents him/her from using phonol ogy, then he/she 
has to rely on the Visual pathwa/to get to the- lexicon. But such a 
residual ability to use the visual cues to guess some of .the words 
correctly in no way suggests' that the visual pathway is a more efficient 
way of reading, The/ important fact to be remembered is fiat these 
patients read poorly: and that is the reason that they are class ified as 
"deep dyslexicsV/ The data from deep dyslexics cannot, ..and should not be 
taken to support the assertion that good readers are visual readers. 
Rather, their error patterns in reading are consistent with our- proposal 
that less skilled readers have" difficulties in decoding words because 
they are visual readers. - 
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.. - Table 1 * ■ ■ '■. \ ■ - \ - . 

I^EAN NAMING LATENCIES (jN- MSEC) FOR HI.GH AND LOW ™EQUENgf WORDS 
IN EXRERIMENT 1 AS A FUNCTION OF READING ABILITY AND TYPECASE 



Typecase 



-Mixed .... 
Lower 

Mixed- Lower 
Difference 



tii AH Frequency 
Mean ER 



j pw Frequency 
Mean - ER 



Skilled Reading Group 
604 «02 , 654 .057 
577 .015 610 .05 

27 1005 ./ 44 '.007 




Mixed; 
Lower 

Oixed-Lower 
inference 



Less Skilled Reading Group 
770 .016 ";1:v- > 906 . 143 
708 .012 V 807 .10 
62 .004: 99 .043 



Note-ER = error rate . 
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Table 2 



^lEAN NAMING LATENCIES (IN MSEC) FOR REGULAR ^^v^ AMn^TYPECASE^ 

m Experiment as a function of reading ability and typecase . 



Typecase 



Mixed 
Lower 

Mixed- Lower 



Regular 
Mean 



Exception 
Mean 



Skilled Reading Group 

552 . 686 

43 ^ m!" 



Mixed " • 
Lower 

Mixed- Lower 



Less Skilled Reading Group 
349 ; 911 
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•-«.•;••.' , Figure Caption fi " ^ 

Figure 1. Reaction time (RT) .difference between naning lower-case and . . : : 

mixed-case words as a function of reading ability a^d word frequency 
figure 2. Reaction time (RT) difference between naming lower-case and v 
: ^xed-casi words as a function of reading abliity] and, grapheme- 
t ; " r * phoneme regularity 
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^ ^t^Jraphy ,' R 6 adi ng aj>d Cerebral . Latera^?a«|^ 

• Ovid 0. L. Tzeng and Da1 sy L. Hung 

University o'f California, Riverside 



For most of us learning to read seems to be an easy task which really does not 
deserve much scientific attention. However, when one considers the proportion of 
children who fail to learn to read in the elementary school , it becomes clear that ' 
• the ' success of learning to rc*d does net come naturally, as does the analog of 
learning to speak. In fact, the shocking percentage of reading failure in many 
countries 'has led some researchers to conclude that "the problem with reading is not 
a visual perceptuaT problem; the problem is rather that the eye is not biologically 
adapted to --language; ;"■ (Gleitman & Rozin, -1977, p. 3). But the last statement cannot 
bfe right, for deaf children haye no known problems learning sign language via the 
"visual" modality (Klima 4 Bellugi, 1979; Newport & Supalla, J980). What, then, does 

contribute to the lack o^ success in learning to read? Let us examine the situation 

■ - . x ■ * . . ■ • . ■ 

^ more closely. 

>. ■ - \ . ■ . 

The relation between written scripts and spoken languages seems so close that 
one would expect that anyone" who is able to s£eak should be able to read. 
Nevertheless, this is not the case. Whereas aTl humans learn to speak .effortlessly 
and naturally, indicating that there must be a significant influence fr^m genetic 

" facilitation, the situation is very different with wriUng. Many societies still do 
not have written languages; and in most literate, societies, there are people who 
c^nn not read or write, either for social or organic reasons. Thus, for cognitive 
theorists, and practi oners alike, the question becomes: Why. do some children fail to- 
lear 4 n to read? This question is particularly baffling when the reading failure is 
completely unexpected and defies commonsense explanations (Frith, 1981). For 
example, given that the child already has learned the spoken language, and that each 
letter on the printed array corresponds roughly to a visual analog of some known 
speech category, it seems that reading should be an easy deciphering task. Yet,, this 
view 'is simply wrong. Decades of intensive research have revealed that the problem 
\^ p/:.riaad1 ng-- may!. f have something to do with the cognitive prerequisites to understanding 

^•'"•'ijn^ f own spoken 1 anjguagei and to appreci at1 rig the script-speech rel at ions embedded in 
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, particular writing system («.<«. «*«.. »»> ""M Tzeh 9> 1981). J , 

The recosnition that purely exUrnal linguistic fetors m4 y contribute t^. 
Incidence of reeding ' disability Mediately brings our research focus onto several 
directions. f Inquiry.. First, what are the linguistic factors which affect Che 
process of learning to read at the eotry UveU Are they language specific! Second, 
what are the basic processing components 1n sMUfuV reading! Again, are they 
Unguage specific! 1 ThiYd, what are the defining features of reading, disability end | 
of acquired dyslexia! F1na,,y. given the varieties of writing systems; with different | 
types of script-speech relations (Hung S Tzeng. 1981). how does thebrain adapt .|g 
these orthographic variations! These and many other questions have been the centra! | 
concerns of our research. Specifically, we have been trying to find out the weys In 
which different orthographies mediate between visual perception of a printed array | 
and lexical retrieval. Given the ,1ngu1st1c differences In mapping the script onto J 
speech, the three types of orthographies. n.meiy. Chinese Lgographs. Oapanes.^ 
sy „.berie.. and English alphabet, seem i to present different Kinds of demands on^ 
their readers when they scan an'arr.y of print and attempt to " convert the. .1su.| 
Messages ,nto some types of linguistic codes (FowUr. Mi). |Such effects 
orthographic variations are most apparent in the beginning readers (whitman 8 R.i1n.| 
«,,) as «11 as in the .phasic patients who have large left hemisphere perlsylvi.n | 
,es1.ns (Cltheart. 1980). Thus, a curative reading study across these thr.| 
types of orthographies, with respect to both normal and dyslexic riding processes^ 
wouTd certainly help us to -un'ravei the tangied story of the ^ 
perf.~anc. that C.v111z.t1.n has learned in ail his history.- (Huey. 

p.6). %X ■ 'i /| 

1. this initial step tewerd a comparative study .f threading, process acr.J 
orthographies. U «nn.t hope t, .ns,>, *>l' the above question?, ^nstead. w. wiVj 

oeuropsycn.V.glc.i processes Invoked in reading. ln partlcui.r. we wn, raise s.m; 



key research questions and .1 so point out what information 1s available and what is : 
still needed in order to answer these- questions. 

. A theoretical guideline would be helpful 1n sorting out the essentials from the 
messy data from most cross-cultural and cross-language research. It is pur 
conviction that any attempt to „r <erst and the act of reading as a complex biological 
system should deal with the "obtained data with respect to four sub-theories as 
suggested by Marshall and Newcombe (1981). First.. we need to develop a theory of 
orthography which regards the theory of written language as a statement of the , 
mapping between the form of an drthog; aphy and a set of levels of representation made 
available by virtue of having acquired the spoken language on the part of the 
beginning readers (Hung S Tzeng. 1981; Gleitman S Rozln. 1977; Hang. 1981). 

Second, we need to develop a theory of perceptual learning that would' specify 
which of the mappings that, a certain type of orthography makes available are actually 
perceived and utilized by the beginning readers under various Instructional programs- 
(Gibson a Levin.' 1975; Gleitman a Sozin.. 1977; Libernan. Libeoan. Mattlngly a 
Shankweller. 1980). Third, a theory of modulation should be developed to specify the 
nature of the storage devices, transducers, feedback loops and so forth that are 
required to implement the on-line act of reading (McClelland a Rumelhart. 1981; 
Morton. 1979; Taft. 1979) .' Finally, we need a theory to specify the neuronal 
hardware that instantiates the dynamic aspect of lexical retrieval as exemplified- in 
the above theory of modulation (Col tha\ Patterson » Marshall. 1980; Marshall and 
Newcombe, 1973). \ " 

In this chapter. we will not attempt to give detailed specifications for each of 
•the four subtheones. Readers who are interested in their developments should 
consilt relevant journal papers as well as book chapters which are published in an 
increasing rate. . Here are some leads. Wang . (198l\has been trying to develop a 
■;■*' theory of^tSo^aphy-from the perspective of an optimal oVt.hogr S phy. Tzeng and his 
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associates (Hung * Tzeog, 1981; ^ * *>*'• 1980i T " n9, 1n 'f' """"^ S 

to specify the constrains of various script-speech relations^ readers- mystic ,5 
...reness. They Investigated the effects of orthographic variations 00 visual 
information processing (see also Leong, 198!). In another study,. Tzeng, Hung, and J 
Wang "'(1977) specified the role of speech receding In reading Chinese leg.gr.phs. | 
With respect, to the theory of neurolingulstics. Tzeng and his research group J 
(Hardyck; Tzeng a ' Hang. 1977. 1978; Tzeng. Hung. Cotton a Wang. 1975) have looked, 
into the issue Of Visual lateralization effect In reading different orthographic, 
symbols. Recently. Hung and Tzeng (1981) have given an extensive review on various | 
reading deficits in different types of .phasic patients and across^dlfferent 
systems... The knowledge accumulated so far has enabled us to ask further ,oest1on S | 
concerning relations^ong orthography, reading and dyslexia. Let us look at some.,*f| 
the developments. 
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A. LEARNING TO MAti AT THE ENTRV LEVEl 

While the problem of reading disability is pervasive in languages adopting thei 
a,pha4lc prmclpie (e.g.. Engiish. Cer«an, Spanish, etc.,. the r >r1ty of reading; 
dlsablUty althe beginning level has been noted In languages adopting syllabary .nd 
* iog.gr.phic systems ^U^^W.i.^:^** «se of .c,u1s1t1on of 
the ..g.gra.bic system was further attested to by the widely cited study || 
PhlUdelphU ith' a group ot sec.nd-gr.de: ach..l chUdren with serious reading 
probUms. These children continued to have probiems.even after extensive tutoring by 
conventional methods but were able to makerapid progress learning and reading 
materials written 1n Chinese characters (Rozln. Poritsky. & Sotsky, 1971). j 
v ; While the evidence appears impressive, one -should be cautious In In'terpretln, 
the resuns- reported in the above studies. The study reported by Haklta (1968) an, 
the one cited in Tzeng and Hung (198P);were both crude survey reports. In both J.p. 

; .„d v^M^^km^M^ iea ! of ioc1al 



always imposed upon schools to make the school look good ^ a simple survey on reading 
disability can never tell the whole story. Furthermore, different countries have 
different criteria/for reading disabilities. As cogently pointed out by Stevenosn et 
al. (1982). the concept of someone possessing a -disability" is ve.ry difficult for 
Chinee and Japanese people to understand. In both cultures, retardation in reading 
would be attributed to lack of proper training and poor motivation. Thus, evidence 
such as that provided above cannot be interpreted too enthusiastically without 
.appropriate ' crbsslcultural controls. Rozin et al.'s (1971) resuns are interesting, 
but methodical weaknesses make them less impressive than they first appear. We 
think it i I fair to say that so far no hard evidence has been provided to support the 
rarity of reading disability in a certain' type of orthography (see also Stevenson et 
al.. 1982). 

To build our cross-orthography study on an empirical foundation, we should look 
into the problem of reidfng disability with. respect to three specific criteria. 
First, we should examine J^st^ls^"' the general learning disability. Second, 
we should differentiate from the population of the general learning disabled the 
proportion of disabled readers who have problems specifically related to speech. 
Lproblems. Third, we should examine the difficulties of learning, to read 'a particular 
orthography by those deaf children who have been deprived of speech. With respect to 
general learning disabilities, we should expect to find an independence between 
/orthorgraphy and reading disability. wnhVespect to the second criterion, we should ■ 
expect to find that learning to read effectively^ is dictated by the special script- 
speech relation embedded in a . particular orthography. In an alphabetic writing 
system .such , as English, orthography, the' > pt -speech mapping represents a 
4 morphophonemic relation (Hung S Tzeng, 1981; Ve«ezky. 1970). In order for .Reader, 
to be able to recode the 'printed word into its phonological representation, he/she 
must have developed' some kind of "linguistic awareness" concerning the spoken 
language (see fittingly. 1979. for a review) and he/she »ust >e phonologically mature 



ehou 9 b to be ,bVe tO *e thi-rphopho-ol^c.) realties inherent 1a the script- f 
spelch relation ,r Enolish .rtho,r.phy ; Uben»n et;„. (1980) have .r 3 ued thet j 
i^twe special demands «y account, on the one hand, for the elusiveness of the . 
Xbetle principle 1n "the h,«tory of writing system and. on the other hand, for ; 
the frequent failure of l..r»1„ 9 to read am»n 9 American children. Many other studies | 
have .H. found correlations, r.n 9 i» 9 ;fr«. .38 to .84. between phonemic awareness and 
l e.rn1n 9 t. rid : En 9 l1,h (Calfee. llnd.mood. ,» Llndamood. 1973; Chal,. Rose-ell « 
"B,.o»enth.l. 1963V Fox » Routh. 1976; Helf 9 ott. 1976; Rosner » Sim*,. 1971). 
However, the direction of causality 1n"these studies Is controversial (Stevenson ^et, 

al., 1982). '■'•■V-_.l-;-'.".- : --""-' ; " ; '"' ' 

The third criterion listed above may be the only, true test for the ease of 
Uar „,„ 9 a certain ortho 9 r.phy. without the experience of speech and now forced to 
Uarn a wrltln, system which is parasitic on '«n 9 u. 9 e. the d«.| 

children's difficulties in le.rt.1n, to read are no surprise. The question is : H1U ? 
they have a much easier tl- In le.rnin 9 to read Chinese as compared to le.rnin, to, 
read En 9 iish7 I Kb have a lot of statistics to su 99 est that deaf readers db not «P| 
«„ ,h le.Vnin 9 to read En 9 11sh (for a review see *,n 9 ,Tzen 9 6 warden. 1981). Fog 
example; in a ,.r 9 e-«c.ie study carried out in the U.S. in 1974. sped,! version o| 
the Standard Achieved Test «s: standardized on a s. m p,e of hear., 7.000 hearing 
paired students. The median score on the paragraph reading subset reached a 9 r,d| 
,ou,,.lent of .boot 4.5 «mon 9 students a 9 ed 20 and above (Trybus * Karchmer. 1977| 
Comparable statistics are not currently available about the reading achievement o| 
deaf children and Taiwan (or ..Inland r ., W^^'^^ 

fro. secondary, sourc-s which Ihdicate that dea, children of these countries do no| 
s , CT t. h,W..s1.r t1 m eth.n ^eric.n ;de,f children In learning to read their 
respective wrltln, systems. For example. Peng (1978) reported that among one ,u.rt.| 
■ of Vmiliioo or so deaf people 1n Japan. 25% are considered Illiterate and the re| 
• .re censored is *emi -Uter.te. Similarly. In a boo, dedicated to the promotion | 
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education for the deaf children, illiterate is also listed as the number one problem 
among the d ; eaf population (Kuei ; 1981).' 

This, al thought precise- statements are diffcicult to make, it does seem clear 
that /there is no such thing as an easier orthography at the entry Tevel of learning 
to/read. Scripts, regardless of its orthographic principle, were developed maily to 
transcribe the speech at various levels. A deaf children, being deprived of speech, 
would have difficulty in attempting, to decipher the script-speech code and that 
diffculty seems to be an universal ohe* However, this conclusion should still be 
accepted with caution since the data base from which 'he conclusion was drawn was 
only a very crude estimation. The picture is further complicated by the 
misunderstanding of sign languages and their relations to the written scripts. So, 
retardation of reading ability among deaf children may be due to inappropriate, 
intervention programs and have. nothing to do with orthography. Careful specification 
of the error patterns emerged during learning to read in order to get at the 
processes of how to -integrate print with meaning remains to be done. 

"... ■ ■ ,. * ■ 

B. Hemispheric Specialization for Processing Written Language 

There is reading disability in children that is known by a variety of titles, 
from word blindness, strephosymbolia, congeital alexia* .specific learning disability, 
specific reading disability, and specific reading retardation to dyslexia, or 
congenital, sped f i c , or developmental dyslexia. It is sti 1 1 not known whether it is 
a single syndrome or a loose collection of vaguely related disabilities. Some 
researhcers attribute children's failure of learning to read to the 
neurP^ihological deficits of their cerebral organization (see Bradshaw .SJ^tleton^ 
. 1983, revel w). v As mentioned before, orthographic variations embedded in the 

script/ipeech relations have to be accommodated by our brain.- In .this connection, 
specification of the interactions between orthography and cerebral organization can 
provide us important Information concerning the neuropsychological pathways between 



print and . meaning. This type, of cross-language Investigations at the 
neuropsychological level has just begun. However, experiments from last several 
years have already generated interesting and exciting reseults at both theoretical 
and practical levels (Hung & Tzeng. 1981; Tzeng. 1n press). 

The human cerebral cortex is divided Into left and right hemispheres, and 
presumably 'the two hemispheres function cooperatively 1n normal cognitive activities 
Including reading. Nevertheless, the Idea that these two hemispheres may assume | 
different types of functions has been Intensely studied over tfe *t 100 ^rs (see 
review In Rardyck et al.. 1978). The term lateralization refers, to the 
specialization of the left and right hemispheres of the brain for. different 
functions. Experimental findings of and the rationale behind the visual heml-field 
experiment and the actual experimental set-up have been reviewed by Hung and Tzeng ; 
(1981). Suffice it to say here 1s that 1n recent years there have been suggestions 
that learning to read different writing system may. result 1n different patterns of 
^visual lateralization. For example. It has been observed that tachistoscoplc 
recognition of phoneticised scripts tends to show a right visual field-left| 
hemisphere superiority effect whereas recognition of logoiraphlc symbols tend* to 
show a left visual field-right hemisphere superiority (see Tzeng. Hung. Cotton. 4 
Wang. 1979 for a .review). A cerebral orthography-spedflc localization hypothesis, 
has been ''^^^9^^^:^ data (H«tta. 1977). This hypothesis .wa* 
challenged by Tzeng ^al. (1979) who found that. In fact, the left visual field 
slfperlorlty: ^s onj^tal ned with recognition of single characters and that a right; 
visual field superiority similar "to that obtained with alphabetic materials, was 
observed ; When two or more characters which make up a linguistic term were usedj 
Tzeng et al. interpret^ these differential visual lateralization effects M 
reflecting *he function-specific property of the two hemisphere flf ^i^ted f|| 
orthography-specific localization hypothesis, Specifically, they ff£*l to" * T4ft| 
- hemisphere laterali zed timing mechanism that is responsible for human language. 



reading included. Let us examine this view more closely. 

Duality of Patterning and the Three S$_. 

Human beings communicate with language which assumes three different formats, 
namely, speech, sign. language, and script. As communicative mediums', alV these three 
Ss involve the manipulation of some motor gestures to transmit ^signals. For speech, 
one maneuvers his/her lip, jaw, tongue and larynx to shape the vocal tract in order 
to make various acoustic patterns (Wang, 1971). For sign languages, one moves and 
changes hand shapes through space to create mul ti dimensi onal , 1 ayered Configurations 
(Bellugi, 1980). Finally for script, ope use handwriting and typewriting to capture 
his/her idea, and transmit them to readers (Hung & Tien g, 1981). Hence, with respect 
to product i on, al 1 three communi cat i ve tools requi re a neuronal mechani sm for' the 
selection, sequencing and timing of the motor -commands. The consequence is a 
biological constraint Imposed by the organismic structure of the signaling system 
whose evolution apparently lags behind the cultural evolution which proceeds at a 
much quicker pace and has developed 1n Infinitely more directions. To resolve s^ch i | 
mismatch between the rates of biological and cultural evoiuti on, our communicative 
system has adopted a sequenti al strategy at the si gnaling level and the result i s the 
emergence of a most unique feature called "duality of patterning" (Hocket, 1960). : 
In a sense, the sequential strategy is a device chosen by the signaling system 
jfl #to overcome Its biological limitations at both production (the voca! tract) and 
reception: (the e ar s) (Mattlngly, 1972; Warren; 1976) and meet the demand imposed by 
V an *ver Increasing and expanding cognitive world. To appreciate this strategy, we 
need only take a look at how it works to increase vocabulary with limited elements. 
' Suppose there are only two elementary states, say 1 and O. in a signaling system, 
then by themselves only two cognitive events C an be labeled. With the advent of a 
sequential property, these two elements can be combined to form four different 
states, namely, 00; 01, 10, and 11, resulting in four possible: ^ 
events. It cm be easily seen that by producing these two bas1 elements in 



triplets. eight events can be labeled ,n the names of 000. 001. 010, Oil. 100. 101. 
HO. and 111. Thus. with n-tuples. on. car create a lexicon of. 2 entries. Fro. this 
It can be shown that with f« different eUmentary signals in sequences of length n. . 
on. can produce labels 'to describe Cognitive events. It else follows that as the| 
. lenoth of the" sequences increases linearly, the pot«it1aV size of the vocabulary | 

tn^reases -exponentlauy. - Iberefore. the sequential strategy/Is an efficient -ay to 
• ' achieve a Urge vocabulary with . limited number of basic elementary, signals, let us 
. tike a Closer look at how the strategy 1s realized in huaan languages. . At: g|| j 
le"h1s seminal paper partes F. Hock.tt (igeoy pioneered an approach that us.s| 
J . desf ' 9 „' features." These features ali.w,us to seemore clearly ho. human language, 
has a basically distinct logical design from. say. the dance of the stickleback :f1s| 
or the repertory of calls of the gibbon. One feature that was singled out to be,.; 
" u( H qu , to human co^lcatlbn;^ the adoption of the ; se,uent1a! .strategy and 1n f.ct| 
this strategy is so ' powerful that all Lng«ges makedouble use of:1t, At t,* 

•sent^ce ievel^viry known ■i^>^rt^>^,»l':^^."» M * 
: can be Arranged In different sequences to fon, an enormous .variety of differ^ 

, sentences: *m1T,rly; at the W^ti*i^¥M^WlM^!^k 
can be arranged In different sequences to for. thous.nds.of different words, At taft 

' „v„s. the meaning representation and the signal representation, are k*pt. separate^ 
feature called -duality of patterning." This feature ..makes: possible _.,pp1n ? :J 
^.yxomplex c^nltlve »rld onto, simple set of no more than several doze. 
„,tor gestures. The express,,, power 1 l.ng».ge lies In p.rt In t| Urge number., 
posslblHties in which these gestures may be sequenced. For example, the EnglUI 
word,. TACK. CAT.. nd ACT. are totally distinct as' t, meaning... nd yet are comp|| 
Of the ill three basic, meaningless sound segments In different pe™ut.t|| 
equate understanding .f any -ordi therefore, presupposes that the word c.n | 

• oistlngulshedfr^ .11, «her words th.t share the same pnonetic property. In .«« 
* « x ' L .unir wnrdq. If such* 



V Given the limited number of signals our motor/perceptual system can command and 
the ever growing size'of vocabulary in the language, what is needed is a device which ~ r 
serves a- the interface to "'join an intellect, which initiates, comprehends and stores^ 
an immense -'amount of messages, / to ihe highly constrained signal ; 
j,rodQCtion/transmission/apprehension systeV.. The requirement; for^ a sequential 
strategy in order to. ^expand its i nf oration transmis and at the. same , • 

time; to limit the signal length sdVaJS- not to overburn. the memory v; system becomes -. 

..pbVibGs^^ 
jiumbef of - seg^e^ 

must be di^ing^ - ^Vj'../- ■ -^1 .: ';< ' ■ 

ThereTsThdWever, a price one still has to pay in uking r ;the sequential 
strategy: \Y & undoubtedly takes J longer to produce a sequencej of n signals than to 
produce a single signal. .In order fo^ the sequentially organized signaling' system to 
work efficiently, the signals must be produced very briefly and must follow each 

' oiher/in 1 
breathinBnd^eatingj a great 4eal of striictura^modification must- have occurred as a 
result of coordinating the primary (eating and breathing) and secondary functions ^ 
(ra*>id production of speech si g^ unlike ^ , 

evolved a complicated set of facial muscles that allow great mobility ^.of the lips, 
cheeks, and jaw/ They have also evolved a muscular, and flexible tongue that can move 

' freely .1* the Miith cavity!* Moreover, they have teeth set side by side to form a 
barrier or ridge all the way around the gum >: s* the, ridges of ttje upper ^nd lower jaw J: 
meet when the jaw 1s closed, 'fina^ the back of' the: 

mouth, to' the entrance the ' lungs; is muih longer than in other. primates, thus °. 
increasing veria^l# of tbS^vocal -tract; f i 1 ter (Ltebeirma« , 1975).:/ All these . 
advance icontribute' to , thC possibility of ; making rapid speech signals withl co- ' | 
evolving machine., {Kote j that „ the ^'d^ of the lafynlc Into the • neck was 
biologically risky. An elSbqrated; swallowing reflex was required to r prevent, food ^ " 

. ' from entering the lungs.) Apparently the huma^cVpaclty for language has evolved # a ^ 
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way that not only t^ye^ntl at '^1^^ pi%: ' .t 6 ^^?^.^^ 

an efficient rate. '■■v t ^-W% : ^M 

We should suppose, then, then that tfie compromi se 1 s manifested in a phonology 
which restructured the information in the messages so as to make it compatible with 
bur sound-signaling- the pontentialitles «f the message- 
generate to the limitations of the vocal tract and ear (Uberman &| 

Studdart.Kennedy, 1977). In his recent award-reception address. L1berman( 1982) has 
argued that for the speech code to be possible at such a phonetic level , two 
requirements are absolutely necessary: the phones must fee communicated at a high rate, 
and their order must be properly apprehended by the listener. In the conversion of 
absolute phones to concrete sounds, there is a restructuring of information such that 
the ^prising segments, would have*the<r component gestures thoroughly Intereaved. 
Such Articulation- enables a speakers to pro^ 

higher than the rates at which he/she must change the status of his/her articulator* 
muscles (Cooper, 1972). It also allow the listens to evade the limitation of the| 
auditory system% Thus, the apparent advantage of the sequential strategy was furthe| 
sustained by the property that Increasing signal length anywhere near a factor of tw| 
per step does not require slowing down production, transmission and/or apprehension^ 
In a series of experiments, Richard Warren and his associates (Warren 4 AckrofJ 
' 1976; Warren; Obusek, Framer A. Warren. 1969)' have demonstrated that human beings a|| 
very poor at recognizing the order of a sh^rT series of arbitrary sounds, such as a 
hiss, a\igh tone.^:i^tbne. = and a buzz; Even when each hi ss . tone or buz* Is 200 
msec long (as long or longer than the duration of most phonemes), their subjects 
simply could not. accurately recognize the temporal order of a fixed sequence of thr^ 
' or four, such nonspeech segments.' In contrast/* fluent speaker produces a phonem* 
• about every 70 msec, a rate of about 14 phonemes ^ six syllables a second, and; $| 
lUtenerVs read^^ percel^ tho stream of. speech at such a rate *ttiout . «u| 




;i lent reading is much faster, than that of speech. In fact, it 1s the sensitivity to 
:ime as for production and perception/that the unique feature of 

iuallty of patterniw in human communication. This type of information exchange must 
impose tremendous demands on both the production and perception systems responsible 
for resolving and maintaining the temporal sequences pf input /output segments. 

A Mechanism fpr Finer Temporal Resolution in the left -Hemi sphere 

Over, the past century or so, we tmve learned a great deal about the brain and 
about language. When the impairment of a linguistic function is highly correlated 
with damageito ^ particular region of 'the brain, the conclusion is usually, that the 
function is served by t^ region/ It is trut that the evidence is abundant that not v 
alT brain tissues are equally involved in every mental behavior. Nevertheless, frorn^ 
studies. df spilt.bS 

"aphasic patients who suffered stroke, traumatic injuries, etc. (Lenneberg. *1967>, it 
has been well established that for most people language appears to-be located in "the 
left hemisphere. In 9 dditi on i^his statistic 

injection of amobarbital into -the\arotid artery. Most of the cerebral hemisphere qn : 
the injected side. is transiently anesthetized. In almost all right-handers and .a 
majority of left-handers, the- p*at1 ent becomes unable to speak after left-side 

inject 

Branch & Rasmussen, 1964)1 This cl 1 1$ fcaT observation^ consistent With results from 
. .studies of normal right-handed subjects with experimental- paradigms such as dichotic 

'listening i-. and ex^rlmentsv • ; . - . = J - 

Given the evidence for the cerebral lateralization of human language, the next 

logical step in the Investigation of hemispheric specification 1s to identify the 
% mechanism responsible for the lateralization. Decades cf experimental and clinical 

observations, however, have not resolved th a controversies as ^ 

linguistic behaviors are responsible for tM^l 

reasDn that past research has failed to answer this question may lie 1n the 
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difficulties of fUst trying to sort put various aspects of linguistic informat^ 
embe^ determine t| 

critical ; one(s) that 1s(are) responsible for ; the* driving force behind j| 
lateralization; It should not be too hard ^appreciate the complexities involved | 

■>e ;; -11ogu#1c:|na1y^U 
pragmatic ,^nd-,«aybe other forms of Information are always present as well a 
li^ricately related to one another." Nevertheless it should not oe too hard elthi 
to appreciate the fact that such complexity is the result of evolution since the;|| 

. when our signaling system stumbled on a track which made It different from those: < 
other animals. So.^ in considering the lateralization issue from an evolutional 
perspective, 1t may be better for us not to worry' about the many different- | 
branches on the top of "the jrown^up tree; Instead^ we should focus on the root whi 

. ourVudimentary form of t|e signaling.system started its course. As cogently put ; . 
Francis Crick (1979), "There are often simple . processes underlying the. complexity 
-of nature, but evolution has usually overlaid them with baroque modifications-;! 

• additions:; To- see through to f the underlying simplicity; which in most instan| 

^ 11 
\ Among the three Ss. speech has! been said to be the natural medium -of lan| 
and arguments have been ^put 'forth that Humans, have evolved structures^ 
physiological mechanisms adapted for communication by speech and hearing. Ho|| 
' recent . studies on sign 'languages have, revealed that the visual Manual, language^ 



have taken their own course' of development as autonomous languages, yet, noneth|l 
share many essential properties. with spoken, languages (Mima & Bel lugl , 1979). 
if we are looking for the root from which our communication; system took 
the answer apparently cannot be the' property which- 1s ^1V.*P^1fU; ^ 
(Hortdn, 1980). What then f s the critical feature which Is common to all thrj| 
but distinctive; with respect to thpsef specif led'feature*. in inlmal • communication* 



haVe Irgued 1n the. previous section t^at. itMs, the feature of duality of-p*tteJ 
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we accept the contention that a sequential strategy as an interface device between" 
the vast size of meaningful messages and the limited number of meaningless segments 
is. necessary for the evolution of language, then we .may further propose that 
realization of such strategy is responsible for driving the language function to the 
left hemisphere. Such a proposal is rather plausible at the physiological level: All 
we have to assume is that the two cerebral hemisphere differ in their rates of 
processing (as the result of, for example, differences in neurophysiological designs, 
see Semmes, 1968), with the left hemisphere showing finer acuity in temporal 
• resolution (Hammond, 1982). All (or most of) other higher-level cognitive functions 
which show left-hemispheric dominance are no more than the elaboration of such 
differences in temporal resolution between hemispheres. 

There is now ample neuropsychological evidence that such a mechanism for finer 
temporal resolution .1s localized. in the left hemisphere. Damage to this mechanism 
not only disables patients' motor sequential behaviors but also impairs their 
language ability in both production and perception (Albert, 1972, 1976; Efron, 1963; 
Goodglass. Gleason & Hyde, 1970). Results from these studies with aphasic . patients 
imply that the left 

predominent capacity to retain and utilize the sequential aspects of acoustic inputs. 
Recently, using electrical stimulation mapping technique during craniotomy under - 
-local anesthesia for the resection of epileptic foci .Ojemann and Mateer (1979) ^ere 
able to - shoW that sequential orofacial movements and phoneme identification were 
altered from the same brain sites of the left hemisphere and thus identified- a common, 
system which processes elements both, of language production and of language 
t recepti on . These resu.l ts "are consi stent with Mateer and Wura ' s (1977) fl nding tht 
most aphasic ^tienS^ those with predominantly receptive defect, show' 

; abnormalities in sequential control of oral movements. J j v ^ 

" Thoiigh the clinical ; evidence supporting a left-hemisphere^ tempfoal -based 
mechanism and its association with language behavior 

ultimate testing ground for neuropsychological theory should come, from our ability, to 



s , B u,.te* neur.lo 9 1c.V conditions. d1ssoc1.t1.ns .nd deficits In the 
««,«, It Is lip.rt.nt tflook for .v1d.nc. fro. the testing of -r* subjects. ^ 
fortunately, . recent expend h y Tzen 9 . *n 9 , end ■ Wang (!**) has sho-p 
unequivocally a robust effect of left-hemisphere dominance ,,. "coding the temporal 
seance of linguist* materials. This experiment Involve, a specially developed | 
technique of presenting letter sequence, with , t.cMstosc.pIc recognition paradigm. . g 
On'eacn' trial, there were three letters presented one\oy one onto the r1 9 ht| 
visual field (RVF) - Uft visual field (LVF) of the screen^m a'Gerbrand A-field 
TachlstoScopeJ To avoid backward «,«n 9 . , 30 msec dark blank was Inserted between , 
consecutive Utter presentations. The critical aspect of the experiment ,s the 
presentation location of each Utter. Take the word CAT for example; The three^ 
letters C, A, and T were; presented in that order, ^owever. the Tetter C was , 
presented 1n the center of the RVF (or LVF). the second Utter. A. was presented 1/4, 
,„ch above the location wbere the first letter, had Just be'en show,. and finally, the 
third leUar T. was presented 1,4 Inch below the location/of the first letur. At any 
stance, on, y a single letter ,1s shown on the screen. If subjects correct g 
lotegrate the temporal sequence, then they should/report the word CAT. | However If 
they failed to code the temporal sequence, then theVe should be a hi 9 h probability 
that they would report the word ACT InsMad^because^what was still available in tne^r 
,con should ^ be a str,n 9 of letters arranged ^ertically as. A, C, and T. , For^thj^ 
. p urp os,of cl.rff1c.t1on. figure-! shows a dlagra^ wMch depicts the pres.nutlu, 

: not ^bjedfi were- successful 1n 0^^^^^'^ 
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ie i legal kgUsh word. Therefore.- the experimental 'result would net b. confound 



by the response bias of "wordness." This aspect Is also Important In 

S poss1blei.to|found1n 9 : :;d ft : 
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Forty right-handed college students (20 males and 20 females) were recruited 
from the University of . California » Riverside campus. 

Tables 1 and 2 summarize the experimental results for male "and -female subjects 
respectively in terms of mean numbers of correct word reports according to the 
temporal order of presented letters as a function of visual field (LVF vs. RVF). In > 
both Tables; the iifean numbers of correct word reports according to the spatial order 
of the presented letters are also listed. The results are clearcut. For all 
subjects, regardless of sex, the ability to report the words according to the 
temporal order of the presented^ letters is higher when the letters are presented 1n 
the RVF than when presented in the LVF. The data were evaluated with dependent t- 
test and the results , showed t(19) = 5.96? P<. 001. and t(19) » 4.65, p<,001 for male 
and female subjects, respectively; If we collapsed the data across both sexes, then 
of the 40 subjects tested, only two (both females) showed minute reversals and four 
(1 male and 3 females) showed equivalent performance on both visual fields. The 
overall statistical analysis yielded a significant difference (21.62 vs. 26.43); 
strongly favoring the RVF presentation, t(39) = 7.48, p<. 001. Thus, it is* fair to; 
say that compared with results from other visual hemi -field experiments, the most- 
Impressive aspect of the present set of results is the persistence of a RVF 
superiority across almost aH subjects. It is also interesting to note that female 
subjects "show a 1 ess stab! e pattern of 1 eft hemi sphere lateral 1 zation whi le st1l 1 
maintaining the highly significant level of " 1-eftrhemi sphere dominance in temporal.; 
coding. This may suggest that a lesser degree of hemispheric coghltlve. 
specialization in females may be compensated for by greater activation of the. 
hemisphere 'specialized for a particular task. Such a suggestion is shown In data of 
cerebral blood flow during cognitive activity (Gur, Gur, Obrist, Hungerbuhler| 
Younkln, Rosen, Skolnick and Reivich, 1982). 
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^ 1h Insert Table 1 and 2 about here :*. ^ - 



m resorts of the above experiment Rostrated , 1 eft-hemlsphere. Lteramed 

• • mechanism for finer W .region. * "* ^ ^ ^ * 

,, p ,M^t.1 Procure ^ repncln^returs^th colored do ts «s crrUd o ut Oy t , 
• * s Ie group of researches. U was found that no nteramatlon pattern was observed , , 
during toe first block of 6D trials 1n . which ridded , objects attempted to 
W thecal o-er of thd We. Cored dots. However during the^cond | 

Olock of another «0 trials, after subjects becoming more or less ,«,.Lr ' ° j 

••' ' e.e.^„ e » left-hemisphere dominance was again 
range of possible permutation patterns, a left hemisp . .. 

" observed* the significant level of This result u . ^^ ^ 

were not due to the clelm that ^ left hemisphere seems „- k no J un™ds than the ? 

i iQ7*a Rather, the result suggests a ^ 
right hemisphere (slmura. ISdli Zaidey. 1976). Rather. ^ 

• Afferent interpretation. That is. the reason «>«.. left, hemispheric superior,* f 
T wid recognition is Us greater ability .taking the se,uences,f se^ 
regardless of whether the, are audible sounds or visible patterns, ^ % 
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In sum, these experimental results demonstrate a left-hemisphere lateralized" 
mechanism "for finer temporal resolution in normal right-handed subjects. This 
specific mechanism enables their subjects to keep track of the temporal sequence of 
tn*g^resented linguistic materials in order to form a word. ' Their result it 
consistent with the clinical observation that brain damage which leads to persisting 
language "deficits usually include sites which had been identified as common to motor 
sequencing arid phoneme identification. If v duality of' patterning is' the most 
important design feature which makes human language distinctive from other animal 
communication systems, then these data and other clinical and neurosurgical evidence 
point to the hypothesis that the phylogenetic emergence of language is facilitated by 
a° left-hemisphere timing mechanism which underlies both language (speech, script, and 
sign language) and sequential motor movements. It is probable that a precise timing 
mechanism would increase the survival capacities of the early hominids. Undoubtedly, 
successful hunting and fighting requires precise'timing (even simple rock throwing 
requires precise timing to be right at the target). Thus, it is not a coincidence 
that handedness i ; s an indication, of hemispheric specialization and that it is one of 
the best predictors for language lateralization. 

Implications • 

The idea that language lateral izes because it needs to take advantage of a 
precise timing mechanism in the left hemisphere helps to integrate most research 
findings concerning' the cerebral asymmetry in processing speech. Ever since Kimura 
(1961) discovered a right ear, advantage (REA) for dichotically presented verbal 
materials, investigators of hemispheric specialization have been trying to pinpoint 
the exact element in the verbal stimuli which is responsible for the left hemisphere 
superiority: A -simple dichotomy of verbal versus nonverbal is certainly wrong. 
Several recent findings are particularly enlightening (see Cutting, 1974). First, it 
was v found that the largest REA^ is produced when stop consonants /b.pM.t.g.k/ are 
presented Hn-;pairs-dichotically. :; Second found that liquids (i.e., /!/ 
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■ M> >/) produced . less strong REA. Third, with ste.dy-state vowels (such 

/e/ ) •« rtU.il . oo REA was produced. Schwartz and Tallal (1980) notlc^ that 
these stlmullnot only belong to different phonetic classes, hut also differ 1 the 
rate of change of acoustic cues that characterize their spectra (Ubem.n.^982). |; 
They hypothesize that there My be -a direct relationship between rapid temporal 
process!*, and speech processing and that such a relationship Is responsible for. REA. 
,„deed. in.. dlchotlc-Ustenlng experiment with normal right-handed subjects. I they , 
ire .ble to de.onstr.te th.t .Iterlng the temporal component of the acoustic spectra 
within . phonetic 61 ass results 1n a significant change in the magnitude of the REAp 
This finding, In conjunction with those mentioned above, strongly supports our 
' contention that the superiority of the ! eft-hemisphere for linguistic processing 
r ,„ects left-hemispherlc dominance in processing rapidly changing acoustic features 
by binding together pho«t1c_ segments so ^^^^^L^^ 
temporal order and segmentation for speech may be, preserved; 

The specification of the Importance of a 1 eft-hemisphere mechanism for finer 
• '• remporal resolution h.s further implications for reading research. It has been 
claimed th.t a -cu, tural.y recent" and perhaps cort1c.lly overl.id language. 
? subsystem/such as reading. 1s particularly 1.b1le with respect to Its cortlc.l 

• „,„ ro -substr.te and t^J^M^^ "^ 

,„.tom1c.l variabilities of cortical representation - (H1er. LeMay, Rosenberger . 

■ ^10.1978)7 It ^lsftrue that r^^m**^*'^ ^ * 

children of this country. Examinations of poor beginning re,ders re,e.1 . xo«o, 
tfef ect in 1-edl.te m«aOry for . ««- order, especi.lly th^ associated with phonetl, 
codes (K.tz; dweller * Libera. 1981), It th.t some of these poo, 

. b « 9 ,„„,n 9 ^.d.r. are -n.bie^t *° M 

the correct Tetter^ r, » h 
: ' h^spherere^ T- 

' : .cc«<s"« ! the ,r.ph«me-to-phon«.e correspondence rules (.ttelson. 1976; 

- umx . 1980. for . similar point). In a recent study with experimental par.dlgp 



similar to that usedT by Tzencj et al • (1982) but with evoked potentials as the 
dependent measure, Bentin and Carmon (1983) were able to show that greater amount of 
brain activities occurred fn the left hemisphere during reading, ^specially when a, 
sequential strategy was employed t?y the reader to encode the input letters* It has 

i • 

also been reported that dyslexics have qualitatively and quantitatively different 

« '* 
eyemovement patterns arid characteristics from all other readers, riot only during 

reading, but also in the simple sequential task of tracking sequentially moving light 

sources (Pavlitiis, 1981); It is possible that such defects are results of -incomplete 

cerebral lateralization (Orton,^937; Zurif & Carson, 1970) • Thus, further study of 

the interaction between hemispheric functioning and reading ability would shed light 

on the role of the timing mechanism in reading skills. 

We have been trying tc point out that "the proposition of. a left -hemisphere 
Jaterali zed ^ ^mechaflism „ f or:.lf_i rver . temporal - resol uti on — is--- compati bl e wi th most 
experimental and^ clinical data on the production and reception of speech, script, and 
signs. A direct : Implication is that- it is not the structure of language that is 
•lateralized; rather,, it is the processing mechanism to get at the structure that 
leads to the menifestation of a lateralized language. An indirect implication from 
such a proposition is that at a segmental level ^^^Itoguage, such as lexical decision 
task, the right hemisphere may be able to perform some "language like" activities 
The only di fferences are that it is si ower and may use a total ly different sitrategy 
(e.g., "ideographic" strategy) in word recognition. Zaidel (1983) has accumulated 
enough data on the "ri ght-hemi sphere language" to support this position. In fact, 
results of right hemisphere domi nance in processing single Chinese characters can be 
used to argue for such an ideographic strategy. • \/ ? - 

Concl udfng Remarks , / 

In this paper » our concern is with the issue of orthography,, reading and higher 
cortical functions* Our ultimate goal is to find o^ 

human communication with respect to the three Ss (i .e. , speech, sign ^Tanguage, and 



script). On the one hand, r while ))Oth speech and sign language evolve as primary 
^linguistic systems y t scripts was developed to transcribe mainly the former in terms of ; 
various orthographic principles (namely, logocjraphic, syllabic, and alphabetic 
mapping rules). Consequently, learning tq read presents tremendous difficulty to the 
•deaf children who are deprived of the privilege of speech. On the other handV l>bth - 
sign language and script are produced by hands and perceived by eyes, whereas speech^ 
signals 'are ; transmitted via the vocal tract and received by ears. Thus, moda\jtyS 
specific prpperties/ of . information processing seem to impose- certain* types bf^ 
language cognitive constraints on the acquisition of these three dlfferfent types of 
language skills. The communal i ties and contrasts among them are.; v ; course, S 
modulated by the brain. Therefore, discoveries of similarities and ^iffer^?» among 
these information processing systems within and across dl ffergpt cultures anl 
1 anguages should shed light on the functional organization of our brain. As the)| 

editors of the book , Deep Oyslexi a , cogently put 1 1 , "Brai n may be s1mi 1 ar from one | 

: : .'• ' ' • • ' • * • - - '.'/;;• \y • -^y:\]\ T : ■ . 

culture to another but orthographies certainly are not. 11 (p. viii ). Soi We are; in an| 

era in which cross-language comparison of higher cortical functions in reading should! 

reveal Important information concerning how that same brain adapts to orthographic 

variations across and within different languages. 



